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FOREWORD. 


This book is written for the farmer, and its object is 
to give him information about soils and manures which 
I believe to be sound, and which I hope will prove 
useful to him. It has been obtained from experiments 
on our own farm at Rothamsted and on other farms 
where we know the results are to be trusted, and it is 
presented briefly so that the busiest man may be able 
to read it. 

, ;j'he reader must not expect to find a clear cut set of 
prescriptions for general use; farming is of too complex 
a nature to allow of that. I have aimed at giving the 
broad principles on which a man must act, together 
with typical illustrations of how they apply on parti¬ 
cular farms, but each individual farmer must always 
work out for himself the best application to his own 
case. New methods likely to be helpful should be 
tested by small trials to begin with : no one should be 
carried away by mere novelty, but at the same time it 
is unwise to leave too many of the advantages of a new 
method entirely to one’s neighbours. 

When any question arises as to the suitability of a 
new method or fertiliser to a particular farm the County 
Crganiser should be consulted, and if the farmer does 
not know his address, or if there is no organiser, a 
note to the writer at Rothamsted will at once be attended 
to and such information as is possible will be given. 

E. J. Russell. 

Rothamsted Experimental Station, 

Harpenden. 

August, 1923. 
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CHAPTER I. 


SOIL FERTILITY : WHAT IT MEANS. 

Soil fertility may be described as the capacity to 
produce good crops: a fertile soil is one that has tihis 
power and an infertile soil is one that lacks it. For 
our present purposes, however, it is necessary to go 
beyond this general description, and find out what 
causes the difference between fertile and infertile soils. 
OaJy when this is known is it possible to effect soil 
improvement. 

Another way of describing fertile soils is to say that 
plants thrive on them, which means that they find on 
such soils all their requirements satisfied. We shall 
therefore have gone a long way with our problem if we 
find out what are the requirements of plants. 

Botanists and physiologists have been busy for many 
years, and, although they would not claim to have 
discovered all about plants, they have shown that the 
main requirements are as follows;— 

1. Air, not only for leaves, but for roots as well. 

2. Water, sufficient, but not too much, and given 

at the right time. 

3. Proper temperature. 

4. Food, which must be of the right kind, given at 

the proper time and in the proper quantity. 

5. Absence of injurious agents, of wihich a good 

many are known to exist. 

6. Sufficient root room, which implies not only 

sufficient depth of soil, but freedom from 

excessive competition from other plants. 

In a fertile soil all these requirements are satisfied; 
in an infertile soil some of them are not. It is important 
to remember that infertilitv arises even when one 
cont^tion onlv is lacking. In such cases it may prove 
easy t9 put matters right; one has only to supply the 
^ckirtg condition and the soil becomes productive. 
Sometimes, however, two or three of the necessary 
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conditions are lacking. Here improvement is more 
difficult, and, indeed, it may prove uneconomic. 
Nothing but complete rectification does any good, and 
money .spent in putting only one defect right may be 
wasted. 

This is well illustrated by the diagram given in Fig. i, 
taken from Weir’s “ Productive Soils.” Soil fertility 
may be likened to a lank; the capacity is determined 
not by the highest point on the side, but bv the loweet. 

It would be little use piling up a side thai is already 
high enough and neglecting the short slave that is 
allowing the water to run out. A small expenditure in 
the right direction does far more good than a heavy 
expenditure where it is not needed. 

It is obvious that the proper way of dealing 
with an infertile soil is first to ascertain w/ty it is in¬ 
fertile, and then how the faults can be remedied. And 
as the infertility might arise from any of the six causes 
.set out above, it is further obvious that nothing but 
careful inve.stigation on the spot, followed by such 
subsequent examination as may be necessarv, will 
enable an expert to say why a soil is infertile. .An 
analyst can say that this or that substance is present in 
a certain amount, but he cannot without direct 
inspection locate the cause or cau.ses of infertility. 

The six fertility factors set out above present some 
very interesting features. 

Am Supply. 

Most farmers realise that animals must have ample 
air supply, and would die at once if air were withheld. 
Plant roots are le.ss sensitive, but they equally need air, 
partly for the sake of its oxygen, and partly (perhaps 
chiefly) in order to drive away the poisonous carbonic 
acid which they breathe out. In well-conducted 
laboratorv experiments it is possible to remove the 
carbonic acid by other means, and then some planT' • 




I'll; i (Attci oiu- 111 Weir's ‘‘Trodiictive Soils.”) Diagram l<> 
illustiale the lad that soil fertility depends on many factors, 
and It Is iiii use sjieiidiiig money on improving one factor wlicii 
anolhei erjually important one is neglected. 
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roots can get along without air; but in practice the only 
feasible thing is to allow sufficient access of air. 

This does not mean that the soil is to lie loose!}' 
round the plant root. A reasonable amount of rolling 
does no harm to the air supply, because even after this 
has been done the soil still remains porous, and air has 
a wonderful capacitv for finding its wav in. But soils 
differ among themselves. Fig. 2 shows the marked 
effect produced on Itipin roots. The plants were all 
sown at the same lime and manured in Ihe same way; 
they had etjunl supplies of water and e(|ual conditions 
in all other respects, excejtt soil. Hut lu're there were 
differences. Silvt'r sand gives altogether the best root 
development; fine sand and silt come a long way 
behind. This fact meets with general recognition; 
sandv soils are preferred bv nurserymen, and the light 
.sands of W oking and the 'I'liames Valley are the .source 
of most of Ihe shrubs sold in this country, the root 
systems being parlicularlv good. 

.Air supply is not entirely a matter of soil, however, 
and much control is possible by cultivation. 

W'ATER Supply. 

British agriculture has succeeded in adapting itself 
pn'Itv e.vtensivelv to variations in water supply, .so that 
farming is carried on when the rainfall is as low as 
iq inches a year—as in parts of North Kent—or rises 
as high as too inches a year, as in parts of the Lake 
District. The systems of husbandry and the methods 
of cropping have both been altered to .suit the rainfall, 
and an interesting account could be written of the 
rentarkable adaptations of local agricultural itractice to 
climate. 

If *a line is drawn from Berwick-on-Twecd to the 
Isle of Wight it divides the country into two parts; in 
tlje eastern portion the farmer is mainly concerned with 
'storing up .such rainfall as he obtains, while in the 
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western part he is anxious to get rid of some of the 
excess. I'here are, of course, many exceptions, both in 
point of year and place; even in the dry parts of 
England some land has to be drained so as to get rid 
of excess of water, while many farmers in the western 
part are liable, at times, to suffer from drought. 

If the corn grower could have rain just when he 
wanted and not otherwise, be would get along very well 
with about 20 inches of rain a year. But as the dis¬ 
tribution is not always according to requirements, we 
find that 25 inches to 28 inches is more frequently the 
best ()uantitv. A grass farmer wants more rain; he 
could quite comfortably do with 25 inches if he could 
arrange its distribution; but actually a margin is 
necessarv, and 30 inches is in practice a safer amount, 
while 40 inches, 50 inches, or more, are not at all 
uncommon. 

An inch of rain is, roughly, too tons per acre; it 
will he seen, therefore, that the requirements of the 
plant are very great. Compared with the food require¬ 
ments it is enormous. \'o picture could show the 
difference, becaus<' no room would be big <uiough to 
hold it. If the actual food requircsnenls of ;i -io ton 
mangold crop are represented by a column an inch 
high, the water requirements would be represented bv 
a column larger than Nelson’s Column in Trafalgar 
Square. 

.Seeing how important water is to the growing plant, 
one cannot be surprised at the enormous stress laid by 
all expert growers on the need for cultivation. For it 
is bv cultivation that the fanner regulates the water 
supply; he ran arrange to get rid of an excess or to 
spread a meagre allowance over a long period. This 
art has been evolved bv years o^ practice, antf has 
reached a high pitch of perfection for the horse^imple- 
ments commonly used on farms. It is not clear," hottt^ 
ever, that the same rules will hold for tractor imple- 




Fi^. 2. - Showuj*: the striking t [It ct i'. 1 aeiatioii on root devi:lo])iTifc iit Lu}iiii-' ,i:rown 

111 siUei oi kaolin inakf belter roots than 1110*^0 m water. siU. oi hue sand, bv reason 

of Uie laii'ei an •'iippU 
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merits, and undoubtedly a good deal of investigation 
will be needed to settle these things. In the course of 
years agriculturists would no doubt discover the new 
rules for themselves, but few present-day farmers care 
to wail many years for information. Scientific in¬ 
vestigation is much ihe more certain, and in the end, 
therefore, the quicker way : this is being carried out at 
Rothamsted. 

TEMPliRATURIi. 

Heat comes from the sun, and the amount of sunshine 
plays a great part in determining the farmers’ methods. 
When the heal reaches the earth it is used up in a 
variety of ways, .some of which help the farmer and 
some do not. It is difficult to inrrca.se the supply of 
heat, hut there are ways of arranging the manner in 
which it is utilised and of deflecting it from usele.ss to 
u.seful purposes. This, again, is done by cultivation. 

Feeding the Crop. 

In view of wfiiat is stated above it is not surprising 
that farmers are greatlv impressed bv the need of good 
cultivation, and that they call a man a good or bad 
farmer according as he cultivates his land well or ill. 
All this is perfectly sound: failure in cultivation means 
failure of crop, and no w’av is known by w'hich it can 
be made good. Hut it is equally true that successful 
cultivation bv itself is not sufficient to ensure profitable 
crops. On four of the Rotham.sted fields there are plots 
which receive the best cultivation we can give them; 
they are sown with the best judgment we can exercise. 
Rut they are given no manure, and the results are very 
striking. Over an average of yetirs the yields are : — 



Crops nH highly 

Crop 


ruUivatfJ but 

iirces&ary 


unntaiiiired 

to pay 


land 

expenses; 


per acie 

per acre 

Whcai . 

. bushels 

32 bushels 

Barley . 

. I2A ,, 


Mangolds . 

. si tons 

20 (ons 

S\ve<ies 

... ... i ion 

20 „ 
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Fig. 3 shows what cultivation alone, and cultivation 
plus manuring, can do for swedes; and Fig. 4 shows 
the effects on wheat. 

From all this it is evident that a farmer who relied 
on cultivation alone would not htive a very successful 
time. 

All experience shows that the plant needs food, and 
for many years chemists htive been labouring diligently 
to discover just what sorts of food shotild be given. 
They have tlone their work so well that there are now 
more than 30 separate manures which can be made 
up in many war s to suit various crops, soils, and con¬ 
ditions. As an example, in the case of Pot.aloes no less 
than 6o(K) good receipts can be made, for each of which 
could be claimed some special advantage either in price 
or effecliveness in conditions to he fottnd in this 
country. When it is remembered that most farmers 
grow ten or twelve different crops, each of wdiich 
retititres some peculiarity in mnnttrial treatment or 
mixtun', it becomes evident that the stibject of manur¬ 
ing is by no moans simple, and would-be experts W'ho 
undertake to tell “ all about mamtring ” have under¬ 
taken a very tall order. Certainly the present writer 
has no intention of attempting to de.scribe all jtossible 
mantirial mixtures. 

Four Gfnkrai, Rulks. 

There are, how'ever, certain general rules which will 
be found useful 'o farmers. They are as follows: — 

1. Farmyard manure, lime and limestone benefit the 
soil as well ns the plant; artificial manures benefit the 
plant, but not usually the soil. 

2. Proper combinations of artificial manures increase 
the growth of plants, and tip to a certain point the*more 
the manuring the greater the profit to the farmer. But 
the feeding cannot be carried out indefinitefy, and 
additional food beyond the right amount brings le^ 
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profit, and may do actual harm. In short, farmers 
must manure with brains. 

3. Like the animal, the plant must have its food at 
the proper time. No sensible farmer would dream of 
keejiing his animals without food til! they began to 
drop down from starvation. If be adopted this course, 
and then gave them a good meal, he could hardly be 
surpri.sed if they became very ill. But most of us have 
seen corn crops that have bei'n left to go yellow or 
to suffer a severe check before manure was put on, the 
plea being that the cro|) should have a top-dressing if 
necessary, but not otherwise. I he proper course is to 
anticijiate Ihe needs of the plant and supply them by a 
suitable spring application if last sear’s cropping and 
manuring have not left a sufficient reserve in the soil, 
or if the winter rain has been .so severe as to wash out 
what ought otherwise to have been enough. 

4. Plant food not only increa.ses the crop, but alters 
it in various ways, either for better or for worse. 

Thus: 

(a) Nitrogen compounds .stimulate growth and 
allow' the plant to grow awav from in.sect pests, but 
in large (|uantities thev give a dark-green colour, 
a thin cell wall, a cell sap that .seems to suit some 
of the fungi causing disease; at any rate, they 
increase Ihe liability to disease. 

(b) Potassium compounds improve the grain, 
give extra vigour to the plant, enabling it to over¬ 
come the ill-effects of bad .setisons, to throw off the 
effects of certain disease organisms, and generally 
to help it over difficult periods. 

(c) Pho.sphates alter the composition of the plant, 
gVeatlv improving its feeding value and its quality ; 
they encourage root development, early growth 
an(3 early maturity ; they are thus of great value 
in wet, cold conditions; in cla}- soils, etc. But 
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they may hasten ripening too much, and on sandy 
soils they have sometimes depressed the yield of 
grain. 

It is necessary to emphasise these effects on the plant 
because they explain a fact which is quite familiar to 
observant farmers all over the country. It is well known 
that a manure which proves economical and successful 
in one part of the country may prove much less useful 
in another district. To some extent the difference lies 
in the soil, but a very real factor is the climate. From 
the above it is explicable why potassic fertilisers are so 
effective in glasshouse culture : they help the plant to 
maintain the high level of productiveness necessary for 
so costly a method of growth, and also to resi.st the 
attacks of some of the organisms that play havoc under 
glass once they become established. Further, we ran 
understand why it is that farmers in East Kent, under 
a rainfall of 20 to 24 inches, obtain satisfactory returns 
from potassic fertilisers, while in West Sussex, under 
a rainfall of t,o to 36 inches, they do not, but prefer 
instead phosphates. The phenomenal success of phos¬ 
phates on cold clay soils arises in part from the great 
effect on root development : the natural conditions are 
not very favourable, and this additional stimulus proves 
very effective. 

The.se properties will be discussed more in detail 
when we come to the question of individual fertilisers, 
but it is neces.sary to state them at the out.set so as to 
emphasise the fact that manures are used for two pur¬ 
poses : (t) to increase the crop; this is familiar to every 
farmer. (2) To change the plant somewhat and make 
it rather better suited to the farmers’ needs, as when 
the feeding quality is improved; or rather .better 
adapted to the local conditions, as when root growth 
is stimulated on a heavy soil not in itsalf verv 
encotiraging to root production. 
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Absence of Injurious Factors. 

For many years chemists have discussed the possi¬ 
bility of the presence of harmful or poisonous sub¬ 
stances in the soil, and the general result is that while 
these do not usually occur, they may be found in special 
conditions, especially in wet or sour soils. These will 
be discussed in a later chapter. 

Root Room or Absence of Competition. 

This is one of the most important factors in fertility 
and one which is often overlooked. Plants cannot sur¬ 
vive without their roots, and unless ample room is 
allowed for development the roots cannot possibly do 
well. Not only must the soil be sufficiently dry to 
permit the roots to go downwards, but there must be 
sufficient siiace between the rows to allow them to grow 
sidew'ays as well. The depth may be limited by a layer 
of rock, of gravel, of impenetrable clav, bv a pan, a 
water table, or through various other causes. Lateral 
or sideways development may be impeded by too close 
sowing, but more usually by weeds The chief reason 
for keeping down weeds (many of which in themselves 
arc unobjectionable) is that they take up root space 
that the crop ought to have. .And so it happens that 
good cultivation not only increases the water .supply, 
air .supply, and temperature for the plant root, as 
already stated, but it increases also the root room by 
keeping down competitors. 



CHAPTER II. 


THE SOIL AS NATURE LEFT IT. 

It is commonly supposed that a virgin .soil must be a 
rich soil and that the .slate in which Nature leaves it is 
necessarily a good one for crops. But many settlers 
and real estate agents in new countries have a very 
different tale to tell, and there are numberless tragic 
stories of men who have lost everything they had 
through relying on the fertility of virgin soil. Most 
eloquent of all tire the figures of yields of new countries 
as compared with old ones where there is no virgin 
soil. They are as follows: — 

Yields op Wheat, Bushm.s eek Afur. 

New Countrirs OKI Countries. 


Canatbi ... , .. 21 Belgium .. ... .. 38 

Australia. iij Denmark . j5 

IJnitetl States .. .. 14 (ircat Britain . ]2 

Argentine ... ... 10^ (iormaiiv ... . 33 

P'r-aiKc . . . 20 


The fact is tfiat high yields are largrlv the re.sult of 
generous expenditure on seeds, fertilisers, and labour, 
and are only in part due to natural fertilitv. 

Rut while the value of virgin .soil must not be over¬ 
rated, we must not make the oppo.site error of minimis¬ 
ing it. The value of a deep loam as compared with a 
clay or a shallow chalk .soil is well known. .N'ow' this 
is entirely a natural difference: there is no artifice 
known by which a clay erm be converted into a loam, 
although constant unremitting effort may do .something 
to reduce the great difference between them. 

The value of natural fertility shows itstdf in three 
directions :— 

1. In the physical constitution of the soil; 
whether it is clay, .sand, loam, chalk, etc. 

2. In the amount of calcium carbonate (variously- 
spoken of as lime, lime.stone, chalk, etc.). 

.f. In the capacity for afctimulating organic 
matter. . 

All are important, the first most of all, because it cannot 






Fig. Iiiflucuce of the sub?oil. Thi*^ land cannot be cuUiwUed because t 
for a gravel subsoil. •* No JIaii s I^and,*' W heatliaiiisiead 
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be allered; tin- .second and third only lillle less so, 
because the alicralion, though feasible, co.sts money, 
sometimes more than can profitably be spent. 

Thh Formation of .Soil. 

The physical constitution of the soil was settled long 
ago as the result of great geological changes which are 
still proceeding, hut which operate .so slowlv that their 
elTecls c;mnol he measur<‘d in the lifetime of the farmer. 
.As an example, on the ea.stern side of Hertfordshire 
there are some gravel soils which are so stony that they 
afford a verv jioor living to the cultivator, whilst others 
are so hopeless that they are simiilv left as wastes and 
commons: one near Harpenden is shown in Fig. 5; it 
receives the significant name of “ No Man’s Land,” 
and to this dav cannot be cultivated. .Adjoining some 
of these tire (|uite nice strips of loam running sometimes 
almtist to sand, and at other times on the hetivier side. 
But how nianv of the farmers who .struggle on the 
gravel soils, envving their neighbours on the loams, 
realise how it comes about that their .soils are so stony 
and the others .so good? The tale is a fascinating one, 
but space forbids it to be told in full. 

l.ong ago—geologists will not commit themselves as 
to time, but e.stimales have been put forward varying 
from 500,000 years to i,o(X),(kx) year.s—the whole of 
England north of the Thames was covered with a huge 
ice cap. .At its fringe, as it melted, the glacier streams 
poured out, as can be seen in .Switzerland at the present 
dav, and the ru.shing torrent swept away the soil, leav¬ 
ing only stones and gravel. But where for any reason 
a large pool or lake was formed there the finer soil 
particles were deposited, as happens to-dav in anv lake 
that i.s'being silted up. The ice has long since gone, 
but the .stones and fhe fine soil deposits still remain 
to show ‘how the water flowed, and till the end of our 
tithe farmers on the stony soil will continue to suffer 

2 
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as thc'v have sulTercd since llie beginnins^, because llic 
streams in those remote ages happened to fl(n\ quickly 
over the jilace where they now iarm, while on their 
more fortunate neighboitrs’ ktnd the flow was slower, 
so that the fine ptirlicles could be deposited. It is 
small consolation to reflect that had some accidental 
boulder deflected the stream but a few \ards :it its source 
the whole agricultural bistort of a dozen parishes 
might h.ave bi'cn different for the last j.ooo years. 

OlUf.lN OF Son. (.blAUACTl'Klst 1( s. 

But this sorting out :ind Irtinspotialton iloes not end 
the matter. The soil |)arlicles themselves h;ive a mm h 
older history which goes bai k to the lime when the 
earth fir.sl cooled sullicienlly to have a solid crust. 
Since then the rocks have broken down to gi\e soil 
particles of various si/es; the\ h.'ive sometimes been 
under water and sometimes on di\ land; somelinies 
under sublro])ic:il conditions, sometimes in an Arctic 
climate. Ahvavs smne ch;inges went on, but there were 
times when ihev were so much more marked than usual 
that the particles became protnunilb altered, and 
nothing ih.al h.as since hap|)ened has oblileraled the 
changes then produci'd. I .ake, for insl.ance, the admir¬ 
able red soil, known to the geologist as 1 iiassic, on tir¬ 
ing in a strip of coimtrv running norlhwaids from 
Devon (near F.xetcr) west of the Severn, through 
Hereford, Worcester, :md Warwick, then forking, part 
through Stafford to Cheshire, and part though Leicester 
to \otts, west of the Trent ; comitare these wu'th the 
grew heavy soils of the Lias formation just to the east. 
There is an enormous agricnllnral difference, but it 
goes back to days vastly more remote than tho.se of the 
Ire .Age; W'hen Triassic soils were being formed'under 
drvg sometimes desert condition-?, with much wind- 
drifted material, whereas T itis was produced under 
w'ater in a wholly different wav. Changes h.ave gon-’ 
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on ever since, but they have never yet reduced the 
Triassic to the state of tlie Lias soils. Many similar 
cases can be (|uoted; these differences all go back to 
very remote times. The soil as we see it to-dav is the 
result of actions (hat took place hundreds of tliou.sands 
or even millions of years ago, modified bv actions that 
ha\e been going on ever since, rtic kev to die present 
suite of die soil lies in its past. 

file Instore of our soils is continuous in the same 
kind of wa\ as is our ow n liislorv ; ihere are oci asional 
rexoliitioiis and upheavals, but in the mam die (lianges 
are gradual, so tb;i( it would be diHicult to sav esacilv 
\clii-n :in\ p.'irticular clitinge set in. It i.s, however, 
mine e:is\ lo mark olT ages or epochs. So in de.'iling 
with soils it is case- lo see that during certain epochs 
die eondilions were such thal all the finest ptirticles 
wore wtislied or blown right awav, leaving a sand; nr 
ill,'ll the conditions allowed a considerable deposition 
of fine particles, giving rise lo a clay; but there is noi 
always ;i sli.'irp change from sand to clav, and the 
intermediate /ones or strips sliinv where the conditions 
were changing and the new order was becoming more 
and more in evidence. 

Orel K’ltF.N’rE iik Limi'.stoxp or Cum.k. 

’I'he seciind great direction m which Xalure has 
operated lias been in regard In the distribution of 
calcium carbonate. It is an old saving that “ a lime 
coiinlrv i.s a rch country,” .'inil it embodies the funda¬ 
mental (ruth thal the rulti\alor’s (ask is greatly 
lightened when (he soil contains a sufficient amount of 
this substance. It .sometimes occurs in m.'isses as lime¬ 
stone or chalk, but in many ca.ses it is mived in small 
(luanlilies with (he ,spil. Freipieiidv the si'il overb mg 
chalk or limestone cont.'iins little or no caleium car- 
biin.'ile in spite of the immense '|tianlilies lying below. 
This fact has often astonished farmi rs who, seeing die 
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closeness of the chalk to the surface, have thought it 
inconceivable that the soil could possibly lack this 
particular substance; yet so it often happens. Parti¬ 
cularly interesting cases occur on the Lias clay already 
referred to where a band of limestone outcrops, giving 
a strip of workable arable land along it and so far below 
it as its downward wash or drift extends, but not above 
it. This is shown in Fig. 6, illustrating a section of 
the country between .Shipston and Stratford-on-Avon, 
where the land is workable and posse.sses di.stinri 
agricultural value so far as the effect of the calcium 
carbonate extends; but outside this it carries very poor 
grass, and is, in places, waste land. 

Of course this inequality can be pul right by dressings 
of lime, limestone or chalk, but these cost money, and, 
moreover, the dressings are not p(;rnianenl, but w’ash 
out at the rate of about 5 to 10 cwt. per annum. 

Accumulation of Organic MAriFR. 

The third great effect of natural conditions is to 
determine the extent and the method bv which organic 
matter accumulates in the .soil. When [)lants grow in 
a state of nature they are not commonh removed from 
the .soil, but remain till they die and then fall on its 
surface. Several things may happen to them ; they 
may simply stay there and gradually give rise to peat ; 
they may become intimately mingled with the .soil bv 
various processes, forming black earths, often quite 
rich; or they may not accumulate ,at .all, but just dis¬ 
appear as in the majority of fertile clays, loams and 
sands. The effects on fertility arc .so profound that 
thy must be left for discussion in a further chapter. 








CHAPTER Ill. 


THE SOIL AS THE ABODE OF A GREAT 
POPULATION. 


Crops arc grown almost entirely to supply food for 
man or beast; there are a few exceptions, such as 
tobacco, fibre plants, cotton, etc., but these do not 
affect the ordinary farmer. Food is to the animal or 
man precisely what fuel is to an engine; the resem¬ 
blance is so close that physiologists use the same terms 
as engineers and describe food units in terms of their 
energy supply, or “ calories ” : this is a very con¬ 
venient mode of reckoning, since it is known that the 
growth of the crop involves the fixation of the sun’s 
energv by the plant. The following are typical 
instances of the energy values of crops :— 


Wheat 
Oatt .. 
Pfrman«n( . 
Hny 


Potatoes 


ArcraRf Ytrld 

j>er acre, lb 


Rnerpy value, 
thousand million 
(alories 


Giain. i Stiaw. 


i.qso I a.fiqo 


Tubers. i Le.ixcs 
i.|,ioo lo.ooo* 


Straw ; Total. 

5-4 i 0-8 

4 7 8 .a 

I a-o 

Leaves. 

.*.o* I 7.3 


•Kstimated. 


I Rqtial to 
! the 
] lollowinfT 
' number of 
I tons ol 
i eo.il. 


I Ion 2 rwl, 
18 cwt. 


t6 cw I 


If these crops are taken aw;iv the energy, of course, 
goes with them, but when vegetation is left undis¬ 
turbed, or when, as in green manuring, it is ploughed 
into the ground, the energy is added to the soil. In 
some cases, as in peat soils, the energy supply 
accumulates and becomes so great that the peat can 
actually be used for fuel; in others, as in old pasture, 
it is less, but still sufficient to allow the soil to be 
burnt in heaps without difficulty by a skilled man. In 
most cases the soil is not burnt and the energy does 
n<jt accumulate indefinitely; something happens to it, 
■but what ? 
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Nature PKoDKiAt, ok Life. 

h is fslablislied as dcfmiti'ly as is possible for any 
ph)Sical fact thal energy is not lost; it may remain 
stored up, or it may be used lor skiving heat or doing 
work, lull whether the plants are fed to an animal, 
burnt in a honlire, or rot in the sod, they will htive 
given out the same amoiinl of energy by the time tlie\ 
are brought to the same final slate. .Nature never 
seems to lose a rlianre of <-slablishing hie, and ifie 
grreal store of energy in the soil is used bv a vast 
population of living organisms ol the most variid 
kinds. \o life is possible witliout imergi sup[dies, and 
the plant residties in the soil niaimain a latge 
pojudation. 

Beginning with the big things, the earlh-uonns |ila . 
an important part bv drawing leaves, stems, rli ., into 
the soil and causing (|iiite an effeclive miMiire. Thev 
eat tip .some of this maleri.'i!, dissipating part of it> 
.substance as carbonic acid gas and water, but for- 
tunatelv effecting no lo.ss of nitrogen, potash, and 
pho.sphates. Then there are centipedes and millipedes 
th;it are readily seen, and, in addition, a vast arrav of 
in.secls and other animals visible to ihe naked (" <■ thtii 
most people pa.ss bv becairse they are not very iicil'ce- 
tible. Mr. Morris, at Rothamsted, has loiinled iheir 
number in the soil of the Brondbalk wheat field and 
worked out the restdis per tirrr; lliev are; - 
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I'liii IwisiBLh Lii-i: j.\ mil 

J>ul when we pass ironi (he visible lo (he microscopic 
life (he number and varieli of ihe forms liecomc verv 
great. In a single fea,spoonful of good arable .soil there 
are mrire living organi.sms than there are men, women, 
and children in the United Kingdom. Some of these 
organi.sms are harmful to (he jilanl and may cause 
di.sease.s, .such as linger-and-toe in turnips or cabbage, 
" tulip root ” in oats, .scab ;ind wart disea.se in 
pol.aloes, “ cocUles ” in corn, clover sickness, etc. 
.Manv liave no direct effect on the jilnnl, but a ron- 
siderable indirect effect; for thev completely break 
down Ihe plant residues ploughed into the soil, 
(hanging them into something wholU different. .\nd 
the r''m.i,rl, 'ble feature of the whole ch.ange is ih.at lh(‘ 
origin.al plant residues are of no use lo the growing 
f.lani, but nither the reverse, because thev would open 
up the sod loo much ami ni.ake it too liable to drv out : 
while the new substances formed bv m:inv of the soil 
orcanisms tire ii'si the things the pi,ml neeiis. 

It would be .a mistake, however, Ui look upon the 
soil organisms ns existing in the soil l.ir the benelit of 
the larmer : lliiw .are there liiing their own lives iiist 
as ipilependeni of the ftirmer’s wishes as he is of theirs; 
bill if he gives them the right eondilions thev will do ;i 
prodigious amount of work for hint. Like plants, thev 
rnnsi htive ,air, moisture, suitable tiunper.allire, and 
fond; and also, like most enlliv.aled plants, lliev do not 
eare for aeidiix, so that it is necessarv In .add sufficient 
linv, limestone, or ehalk. 'I'lteir reijtiiremenls tire .so 
similar to those of plants ihtit in some direi'iions thev 
are aetiial competitors with plants. ^\’ben straw is 
plotigbed into the ground the (wgtinisms proreed to 
dernmpose it, but not finding enough nitrogen there 
for their owm needs' tliev promptlv lake some of the 
soil nitrates whirh the niant would otherwise have had, 
.and so for a time rednee the amount of plant food. 
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This is one of the reasons why “ long ” manure is 
inferior to well-rotled manure in spring, and it justifies 
tile farmer’s preference for a certain degree of decom¬ 
position in farmyard manure before it is applied to the 
land. 

Nhkogen Fixers: The Farmer’s Allies. 

Two remarkable cases of action of micro-organisms 
deserve mention. It is well known that nitrogenous 
manures are now' made from the air by special processes 
involving large, well-organised factories, electrical 
power, highly-elaboraie appliances, skilled engineers 
and thoroughly competent chemists. It is not so well 
known that soil bacteria do all this and nuich more 
which cannot yet be repealed in factories, and they do 
it, moreover, without any of the paraphernalia of the 
factory. Some of these organisms (shown in Fig. 7) 
live in nodules on the roots of clover, jteas, vetches, 
and other leguminous plants; they are gretitly favoured 
by lime, by phosphates, and apparently by farmyard 
manure. To secure their cooperation the method is to 
grow leguminous crops as freipiently as is feasible, and 
thus to obtain at one stroke a good fodder crop and a 
good manure. Other nitrogen-fixing organisms live in 
the .soil quite apart from anv crop ; they help to bring 
about the great accumulation of nitrogen that takes 
place when land is left in .sod—the cheapest and one 
of the best ways of increasing fertility. 

Destructive Organisms. 

But besides the organisms that fix nitrogen there are 
others that liberate it from nitrates, thus undoing all 
the good work the nitrogen-fi.xers have done. This 
happens particularly in water-logged conditions, and 
it comes about because the organi.sms need air—as we 
do—but unlike ourselves they' can extract their 
necessary o.xygen from nitrates if the air supply is cut 
off, whilst we should perish. Thus the injury they do 
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the farmer i.s not essential to their activity, but results 
solely from an insufficient air supply, and is therefoie 
capable of being remedied. 

The similarity in re(|uirements of growing crops and 
of the useful soil organisms greatly simplifies soil 
fertility problems, and it emphasises all that has been 
said about the need for adequate supplies of air and 
water and temperature in the .soil. The methods of 
securing the.se will be di.scussed in the next chapter. 



CIIAFTER IV. 


CrLTlVATION. 

Drains anh the J'ractur. 

In previous ciiaplers we have shown (he serious need 
at evert turn for air, water, and proper temperature 
supplv in I he soil, and it has been pointed out lh;U 
tliese tan be secured b\ eullivation and draintige. We 
must now inlo .some details to show how and why 
these o]jer;Uions tire perlormecj. I'lrst in im])ortance 
comes draintiite, tor wilhoul ihis where il (Joes not 
(Xeiii n.itur.'illi -no oilier process will benelil. It does 
not tilwtits follow (h.'ii a wet seal neetls Ihe dr.'iinaee; 
in ih(‘ sMcIry clays of lierts, Itutks, Hials. \orth 
.'surret, and \orlh Keni (but nol mid-Keni) a dressinj:;' 
of chalk will oflen make the soil sullicienlb porous lo 
allow the water lo i^et awa\. Ilowexer ii is done, <i 
li'ay out uiust Ix’ jound ior //ic S(>il x'tfloi, oile-rwise all 
the undesirable efleits alreadv describi d will be pro¬ 
duced. Vaic/c of drainagi’ ;,v an import, in! (luicc of Hit' 
janucrs' lack of profit. 

W’e bee|n wilh ihe simplesi i tise wiiere ,, lietivv .soil 
lies on a fiorous foiindtilion, as the sion\ thus of ihe 
counties .above meniioried, which lie mi the iliall,. ^ 
dressing ol jo lo.ads per acre of line (hall, o'- yo lo.ids 
per acre tif lump chalk makes the ikiv siiliii'enllv 
porous to allow the w'ater to soak into llie clitilk, and il 
Ihen ools away verv easib. fstiallv ihe chalk comes 
up in place.s to within t feet to 6 feel ol ihe .surface, 
formintr peaks which tap ihe waler and jirovide :i 
n.aiural wav out. .\ water furrow is oflen nece.ssarv. 
bill in some places a dell, such as is left when chalk 
has been lifted from the field, is desirable for verv wet 
parts. 

DlCMN'tOE SV.STVM. 

If, however, the clay lies on a still heavier clav, as 
happens in most parts of Fnt(Iand, this simple pro- 
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cedure is not suflicieni, rind ;i dminaf^r- sysieni is 
necessary. The easiest to inslall is tin- open drain, 
formed by caslinp' out a furrow, and ibis answers sali.s- 
faclorilv on liglit peal soils under very li(‘avy rainfall. 
In these eases there would be no s[)eeial diltieully if the 
rainfall were round about 30 inches, but trouble arises 
when it amounts to 70 inches, 80 inches, or too inrhes 
in the year. 

More usitallv the trouble is due not so much to hiyh 
rainhdl ns to heavv soil, and the open drain docs not 
met the case, 'i'he ('liea])cst jtrocedurc is to mole 
(hiiin, and farmers who are not familiar with this pro- 
less should look into 11, as it has rcpcalctlly proved 
both cficctive and eeiinoniical in dcalint; with wet land. 
The principle is well known; a steel cthndcr with a 
pointed nose that makes it look hke a shell is alt.'iched 
In ;i yen rit;id bar to ti fr.'inic, wliiih is then hauled 
o\er the land b\ steam tackle, the echntler beinp; 
draciyed ihroutyh the earth ;il a distance of i fool to 
2 feet below the sttrface, thus leavint; ;i tunnel like 
tluil formed b\ a mole. It is, of course, neces.sarv to 
put in jiipes where the drains run out into the streams, 
but the amount can be reduced bv intellig'ent arrange¬ 
ment of the mains; it is an econom\ in the lonty run 
to brick the final openint,^. Mole draining' an.swcrs 
best on grass land where there is suflicieni slope (very 
little is enough'), but it bre.'iks down on stone soils. 

I’len nuMNWiK. 

In .spile of its tost, .some pipe draiii.'ige is always 
being carried out; it lasts longer than mole diainage 
and is more convenient where onb a small amount ol 
work has to be done. But it is coslb , ami therefore 
the most economical procedure is to work out the 
scheme very carefnllv* beforehand, to record It all upon 
a plan, and then to preserve Ihe phin where it eon he 
fotivd in lieevly veins’ lime. For even the best-laid 
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pipes will get clogged in time, and if the drains can 
be easily located they can be cleaned. But how often 
have I been over farms and been told : “ We know 
iIk^ land has been drained and we know the drains are 
blocked somewhere; but we can find no plan. We do 
not know where the pipes are, and so we can’t unstop 
them. What are we to do?” 

No one nowadays would rejieal the mistakes of the 
” Oovernment drains ” of ihe ’lorties of the last 
century and lay the drains too deeply. Modern prac¬ 
tice is in favour of shallow drains, at about 2 \ feet to 
3^ feet depth, and distant about 15 feet to 30 feet apart, 
the pipes being commonly 3 inches in diameter. I’lie 
work of excavation can be lightened by the use ol a 
mechanical excavator, of which several types have been 
made. The depth depends vcr\ largeh on the fault to 
b<‘ remedied; if the water i.s rising up from below bv 
sttepagc from higher ground, the dniin must be rather 
deep so as to cut it off early; it, however, the excess 
of water is due simple to rain, the drains should only 
be laid ;tt a shallow depth. 

The mention of swpage w;it(‘r from higher ground 
em))hasises the need for a ctireftilly thought-out filan. 
Elkinglon made fame and fortune for himself by the 
simple device of cutting ofl the sources of excess water 
on his owm and many other people’s land, and by a 
simple svsiem tapping the underground w.ater at its 
source, thus saving the necessity for an elaborate 
drainage scheme. In working out a plan the first 
qtiestions to ask are, “ \\'here does the water come 
from?” and “ \\'here ought it to go to?” Having 
found the answer to these, the plan should be drawn 
up accordingly. 

Great stress has been laid on drainage because it is 
nece.ssarv in many parts of the country, and it has been 
neglected of late years, llnfortunately it does ijot 
entirely depend on the individual farmer’s efforts; a 
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man may drain his own land and keep his own water¬ 
course clear, but unless his neighbours above and below 
him do the same he will not reap the benefit to which 
he is entitled. Only a Drainage Board having exten¬ 
sive powers of cleaning and straightening ditches and 
small streams could ensure the full return from farm 
drainage. The best results ctin be .secured only by co~ 
operative efforts over all of the river system that counts. 

Cl'I.TIC ATION PkoPRR; ThE TkACTOR. 

Ten years ago it would have been comparatively 
easy to say what was known about cultivation ; to-day 
the problem is much more difficult, because the tractor 
has come in and rompletelv upset all our ideas of 
what is possible in a given time. .V single man can 
now roll twenty acres i>er day; even on a beavv soil 
he can ciiltivale eight acres, cross-plough four acres, 
and break up two acres of a hard-baked stubble—all 
this w'lthin the regulation hours and without the pay¬ 
ment of a penny of overtime money. But if matters 
are pushed and the man is willing, he can go on at the 
same pace from daylight to dark witlu ui having to 
stop to rest the tractor. 

This speed of working allows the farmer to prepare 
his land for sowing at whatever time he finds best. 
Seed .sown at the proper sea.son has the best chance of 
development, while .seed sown out of season has not. 
For eaeh soil and localitv there is often useful local 
experience; in our ca.se at Rothamsted, winter corn 
mii.st be .sown earlv; oats, if po.ssihic, before the middle 
of October; and wheat before the middle of November. 
With horse implements miirh of the land was often not 
retidv in lime; with the tractor it has all been ready. 
The following figures show the result of earlv and of 
late sowing, the va-ielv, seed, and manuring being 
otherwise the same: — 

• WliRnl sown in timt* (Novembor J4th, 1015) ■ - bush'Is 

Wheal sown late (February i7lh, loiO) .. ... i')l ,1 
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The folldwing are sonic of llic esiiinalcs that have 
been drtiun nj) for the rosi of plotiqhing an acre of 
land : — 

Avitiionty 

Ki'tliain Uil [>ort, 

Ml 7; Il.nviviny. Ik-dto’td 
T‘ \; 11. llluil .ll l<n/el to.’ \)>ril .'.(I h u)ji I 

Ml lulti. I xxulv. I I.txxiln 
( /<■;</; 

iMt ! i.itrs I- tKx.iut, I- t.tit. I ' I I'll. 

I 1 . I >■' i't.-c ... 

Ml i. ]■ l: t'lO Cl • . I ...1. 

I ! \ t'i I' lux i.n I u l.-Md 

i\t>( I .tnii < I ll U L |I| .1 I lij. I • r f l< I \ \ l.lll•I 

I he ir.acior, Iiowcmt, needs jiroper tillenlion ;ind .a 
rerl.'iin tunounl ol knouledeie ol il^ 11 nisi rnri icm b. the 
f.'irnier ;ind the driver. W ithout tins ii is often out of 
tise for SOUK' vert IriOint; re.ason ihat should never 
have arisen. .\nd, nioremer, on some upes of soil 
(e.^., blowing; .sands) ii is not vei\' siiiialile. 

.\l'IIMN ( ■l.EW'I.Nfi (IF S'l I lint 1 s. 

Weeds are liable lo aeettiniilale m i orn ( roj)s, .and 
unless kepi down ihev ni.a\ cause Iroiilile in I he rol.a- 
lion. \n efietlive melhod ol cherkirie iheni, when ii 
c;in be prticlised, is lo (iillivale ihe stubbles. 

It is not possible lo lav doun a hard and fast rule, 
and sav whether the plotin'h, the .scarifier, or the broad- 
share is the best implement; much depends on rirrtim- 
slance.s. There is, however, a enaal deal lo recom¬ 
mend the brondshnre, especially if it is used immediatelv 
after or, if possible, diirin”; harvest, jiml before tbi- 
.siirf.ai (■ of the soil has become loo drv ; for it will then 
nil off bvin" xveeds from iheir rools, and will siiffi- 
cientlv piilveri.se Ihe surface .soil* to allow of the wit- 
min.ation of the weed siaals, .so that the seedbnc;s can 
be killed b\ l.aler ciillivalii^in. 
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Where winter corn is being grown it is sometimes 
dintnill to decide wliellier to give nn additional ciil- 
livalion or to sow earlier; usually, however, the 
cultivtition is best as nothing ever (|uii(‘ makes up for 
lack of autumn work. 

In old d.'ivs wnnier wheal w:is often sown on a stale 
furrow, but modern jiloiiglis are so effeclivi' that sowing 
on a fresh fiirrow' usuallv proves salisfarlor\, the land 
being plougbed one dav and sown the next. 

(iood results h.ive recentiv beim obtained l)\ .sowing 
whi“at, spring o;its, and barlev <|Uite near to tlie surface 
instead of at the depth now usii;il ; the plan should be 
tried on a '■mall scale in the lirsi instance. 

Si'iti.Ni; C'l'Li i\ \ I n IN. 

1 he ciihnaiion for spring crojis consisis in the pre¬ 
paration of a seeci bed, .and the best conditions for this 
on heave soils are that the land shoultl have been 
[ilouglied in autumn, left rough rluring winter, and 
then worked down in spring; the best lime for harrow¬ 
ing down the lumps being when ibev are losshiv welted 
b\' rain after having been tolerablv dr\. It is a lurious 
fad ibal a lie.ax sod containing a certain proportion of 
water mav exist in two stales, according as it is be¬ 
coming wet alter biang long dry, or become dry tdler 
being long wet. If it is passing from wet to dry, 
attempts to rediiee it to a line stale may do harm; but 
if it is passing from dr\ to wet a line tilth is much 
more eas\ to secure. On siieli .soils the farmer must 
hope to eseajie a wet spring following on a wet w'inler, 
and if the setisons are nsu.allv of this rharacter he will 
do fiesi to arr.ange a rotation in which the land is for 
some M'ais in lempnr.arv grass. 

For roots a fine til'll is essential, as every farmer 
knows, hilt there is a more diffienlt problem : should 
lliev be grown on ridges or on the flat? Tn the north 
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ridges are almost universal, and, as is well known, in 
the north the crops are very good. In the .south the 
roots are often grown on the flat, and the yields are 
considerably smaller. But it does not follow that the 
ridging accounts for the difference; as a matter of 
fact, the balance of evidence is that in the southern and 
eastern counties swedes, turnips and mangolds do better 
on the fiat than on the ridges. 

Hoeing, Rolling .\nd Fallowing. 

Hoeing is very necessary. Root crops are often 
taken on land that needs cleaning, and no crop can 
stand the competition of weeds. I'urther, root crops 
suffer more than any other from drought, and the hoe¬ 
ing affords the only way in which a farmer can mitigate 
the ill-effect of dry weather once the crop is in the 
ground. In really dry climates the di.sc harrow is one 
of the be.sl implements a farmer has. 

Rolling is very effective, provided the ground is in 
the right state and is not too wet ; it is often omitted 
when it might economicallv be practised. It has three 
beneficial effects:—(i) It pres.ses the young plant 
firmly into the soil and .so stimulates root development; 
(2) it causes ju.st sufficient injury to the stem of cereals 
or grasses to stimulate tillering; (3) it breaks up the 
crust that forms on a heavy soil in dry conditions, and 
leaves it in a more friable state. On light chalky soils, 
or after a ley, rolling is specially necessary, and the 
furrow presser then becomi's a very valuable instrument. 

No one can be recommended to give a dead fallow, 
though farmers on the very heavy London clays 
declare they cannot do without it. 'I'hey may be right, 
but one would like to see the experiment of substituting 
stubble cleaning by tractor for .a bare fallow. Where, 
however, a seeds mixture is thin'or weedy, or does not 
promise a good second growth, it may be wise to break 
up after the fir.st cut in June and give a summer falibw. 




water tlot'S no one anv ^oorl. and if the ctre nn were kept cle-natid <liains inriin- 
tamed, much n'^eful lami wordd l.e <>htaine<l. 





CHAPTER* V. 


WICATHER, CLIMATE, AND SYSTEMS OF 
HI SB AN DRY. 

Siiilable leniperature and water conditions are neces¬ 
sary for the proper growth of crops: both are 
determined very largely by the clim.ate. The farmer 
can do something to mitigate the effects of too much 
or locj little water and tcto hoi or ttjo cold ;i climate, 
but it is hard work fighting against Nature all the time, 
and the etisiesl- and thcrefcire the most profitable— 
scheme of husbandrv is the one in which the crops, 
varieties, and methods .dl suit the local crjndilions. 
Such a scheme involves, of course, a good system of 
tnins|:Kirl, so tfi.al the products of the various specialised 
groups can be sprcvid freely over the country; but it 
has the great advantage that .a man sees a good return 
for his labour, for Nature, while a hard enemy, is a 
good ally. 

I\ia.\l l(.)N.S BKTVVEEN Cli.MATE ANlr llt- SliANDItV. 

I here are a few simple rules which afford guidance 
in determining the relations betwi'en climate and 
husbandry ; — 

(1) Dr\ climates favour .seed and grain formation; 
they are ahso suitable for sheep. (Sheep do not lil;e a 
w'et winter, and they suffer more from wetness than 
from cold.) 

(2) Moist climates favemr kuif formation; they al.so 
suit bullocks and dairy cattle. 

(3) W'et climates suit grass. 

(4) Wbirm, early regions suit market gardens and 
sjrecial crops. 

riie.se rules are well illustrated in the inajts of Figs. 
12 and 13, showing the disirihiition of wheat and of 
grass in England ancf Wales. Wheat is a grain crop; 
it therefore flourishes be.st in dry conditions and so 
tends to concentrate in the Eastern Counties of England 

3 
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where the rainfall is less than 28 or 30 inches—some¬ 
times much less. Grass, on the other hand, flourishes 
in wet conditions, and is much grown in the western 
half, where the rainfall is higher. Dry conditions suit 
other seeds as well as wheat. The Eastern Counties 
produce mangold seed, turnip seed, mustard and clover 
. seed, and many other seeds for farm and garden; this 
special industry assumes important dimensions in 
Kent, Essex, and oiher Eastern Counties. But no 
farmer ran live on grain crops alone, and therefore the 
Eastern Counlies farmer ha.s to attempt some leaf 
crops, roots, etc. It is here that he generally loses 
money, and one of the best hopes for the Eastern 
Counties is to find something for the animals (needed 
for their manure) which shall be as good as roots and 
yet capable of givng better and more certain growth. 
Messrs. Amos and Oldershaw have experimented with 
silage and obtained promising results (Fig. 14). 

Wetter conditions are favourable for leaf crops, such 
as roots, cabbage, rape, kale, vetches, etc., and for 
oats, because oafs are cut before they are dead ripe. 
Hence we find husbandry in the West of England 
grouping itself around these crops, but leaving wheat 
alone. Still wetter conditions favour grass, and seeing 
that grass is entirely food for live-stock, it is not sur¬ 
prising that wet districts are given up very much to 
livestock raising. The principle is quite sound, but 
much improvement is possible. Many of these districts 
lie high and comprise a good deal of land which is 
now poor, receiving little attention and greativ need¬ 
ing basic slag. An essential preliminary to improve¬ 
ment is to enclose the grazing lands wihere they are still 
open. There are, for instance, parts of Wales where 
the grazing is common, each farmer having the right 
to turn out a certain number of sheep or cattle, but no 
right to erect a fence. This system is doubly bad it 
is bad for the stock, because the herds cannot be kept 
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separate, and for the land, because so long as this lies 
open no one is likely to apply slag or attempt any 
drainage. But as soon as the fences are set up and 
kept in order, improvements in both directions become 
pos.sible, and the standard of agriculture can be raised. 
Basic slag and the breed societies are doing much to 
increase the wealth of the wet districts. 

Effkcts of Cold. 

('old operates, during summer, somewhat like excess 
of rain ; cold districts are suitable for leaf crops and 
for oats, but not for other seed crops, and so we find 
wheat and seeds are little grown in the North. But in 
winter there is an important difference between cold¬ 
ness and wetness—coldness prevents the growth of 
weeds in winter, while wetness does not. The Scottish 
farmer prides himself, and with justice, on his good 
farming, but he ought to remember that his winters 
are very favourable to the farm, however execrable they 
may be to himself. When the .spring comes his land is 
reasonably clean and he can go straight ahead wdth his 
cultivations, and with little trouble obtain crops free 
from weeds. On the other hand a farmei in the Home 
Counties, .such as Herts, Surrey, etc., is liahh' to mild, 
wet winters, in which weeds can grow continuou.sly in 
the winter corn, so that when the spring comes he is 
troubled with a growth that he hardly knows how to 
deal with. He cannot get over the difficulty by atn- 
fining himself to spring corn as is done in the North, 
because he is liable to droughts which put spring crops 
out of the question. He may be able to deal with the 
problem by persi.stent stubble cleaning, but it is not 
completely solved yet, and many a Scotsman who 
comes into Herts, Essex, Bucks, Kent, or Surrey has 
found the weeds a troublesome nui.sance. More than 
one very intelligent Scotsman farming heavy land in 
Essex is compelled to adopt the local practice of 
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periodical bare fallows, much against his wish, because 
the weeds are so much more jx'rsislent than under 
conditions of colder winters. 

A further feature of the colder districts of the North 
is that the summers are cool, and consequently swedes 
and turnips make excellent growth. Tlie average yield 
of svvede.s for Northumberland is 15 tons per acre, while 
a good farmer commonly reaches 25 tons and may 
obtain anything up to the 58 tons per acre obtained in 
iqiS on a well known Tweedside farm. .Against these 
figures Herts can only show' an average of 11.^ tons; 
16 tons would be considered good, w’hile lew, if any, 
farmers haxe exceeded 35 tons per acre.' The result is 
that the Northern farmer can relv much more com¬ 
pletely on roots than a Southern (arrner can. Further, 
in the .North the oat does not ripen as completeh as in 
the South, and consequently the straw retains more of 
its nouri.shing substances. The Northern ftirmer, 
therefore, has the double ad\anlage of rich oat straw 
and safe large crops of roots. !!<■ can, therefore, di.s- 
pen.se with hay for his sheep and fattening cattle; he 
needs some for his hors<'s tind his dairy rows, but he 
can commonly graze his seeds mixtures instead of 
cutting them for hay ;is the .Southern farmer does. 

PossiBiUTiES OF Warm ('lim.ate. 

Pa.ssing now to the opposite extreme, a warm climate 
is favoiirtible for fruit and market garden produce, and 
many an alert farmer in the South has di.scovered the 
profitableness of this kind of husbandry, provided he 
ran find and suit the market. One of the most interest¬ 
ing of these areas is near Penzance, where along the 
slope of a hill facing towards the .south and .south-east 
is a strip of land capable of bearing two crops a year — 
early potatoes, follow'ed by breccoli—each of which 
mav repre.sent a sub.slantini financial return. As 


' Tlir liijjhesl yield reconlcfl at RolhamstPil • olii.iint'il ip 
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ordinary agricultural land, however, the returns would 
not be particularly large. Many areas in Hampshire 
of no great agricultural value have proved useful for 
strawberries for the Bournemouth and other markets; 
stindy districts in Bedfordshire, near the railw'ay, grow 
onions and other vegetables with considerable profit, 
while the Evesham and Pershore districts are full of 
ex.'imples showing how valuable fruit, asparagus, spring 
onions, and other crops can become on land whioh is 
not itself specially fertile, but is blessed with a mild 
and favourable climate. 

But there is one inexorable rule from which no de¬ 
viations can be permitted. The grower must study the 
market, find out what will sell and wihen it will sell, 
then supply accordingly. It is no use producing 
material that is not wanted. 



CHAPTER VI. 


SOIL TYPE AND SYSTEMS OF HUSBANDRY. 

If any one rule could be said to hold in husbandry 
it would be this—study the local conditions of soil, 
climate, etc., and make your farming agree with them 
as closely as possible. The best farmers have already 
done this and have developed a close connection 
between soil type and systems of husbandry. 

Light Sandy Soils. 

The chief failings of light sandy soils are dryness 
and sourness; the latter can be put right only by 
lime and chalk, and the dryness is remedied by a liberal 
use of organic manure, such as green manure, farm¬ 
yard manure, sheep folding, etc. In addition, they 
lack potash so that they usually respond well to potassic 
fertilisers, or to the next best substitute, agricultural or 
fish salt. They are also very prone to W'eeds, and 
rapidly become foul if neglected, .'\gainst these fail¬ 
ings are to be set three advantages: plants make very 
good root development, they ripen quickly and 
regularly, so that they yield seed of good quality, and 
sheep do well on dry soils. Several systems of cropping 
have been worked out to accord with these conditions. 

Nursery Slocks and Shrubs .—Travellers on the 
L. and S.W. Railway are familiar with the industry 
which has arisen on the very light Bagshot sands 
skirting the railway and including Woking, Wey- 
bridge, W'islcy, and many other well-known horticul¬ 
tural centres from which come a large proportion of 
the nursery stocks used throughout the United King¬ 
dom. The light sand favours quick compact growth 
and great masses of fibrous roots; the shrubs have 
a good appearance and transplam well. 

Market-garden produce. Earliness and quality are 
here desirable, and both are obtainable on light sands. 
Cultivation can be carried out easily at any time and in 
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any state of the weather; growth is very quick. Roots, 
sucih as carrots, parsnips, etc., do well and look well; 
early peas and potatoes succeed, and by careful 
management two and sometimes three crops a year can 
be obtained. It is necessary to use plenty of stable 
manure. In the old days this was easily procurable 
from London and other citic's; now supplies are much 
le.ss. Where railway facilities e.xist and there is the 
possibility of obtaining the necessary manure this 
system is well worth consideration. 

Sheep on .Ikable Land. 

On large farms where market gardening is out of 
the question some sy.stem of husbandry becomes 
necessary, and advantage is taken of the fact that sheep 
do well on these dry soils during all except the summer 
months, when the soil may be too hot for them. It is, 
of course, impossible to rely on grass,and consequently 
a succession of arable crops is grown for them. Owing 
to the tendency to weeds the rotation is generally only 
a short one, usually four course, and it commonly 
consists of (i) roots and sheep feed; (2) barley; (3) 
seeds mixture; (4) winter wheat or spring oats. 

Some very good farmers who can keep down weeds 
by cultivation are getting away from this four course 
plan, and thev can do so as long as the land remains 
clean. U.sually the variation is in the root break, and 
it all depends on whether a breeding flock is kept or a 
fatting flock. As an example of the breeding flock, 
the following may be taken; it is from a large, farm in 
East Suffolk on very light land. The ewes have been 
in the marshes with the tups from the end of September 
till early or mid-November; they are then brought on 
to the arable land to a catch crop of colewort which 
was sown in June after the first cut of seeds; there 
they remain till the white turnips are ripe at the end 
of November. They stay on the white turnips till the 
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middle of April. Lambing begins about llie first week 
in .Mareb, but from early February the ewes have had a 
little “ bait ” in the form of A Il>. dail\' of crushed oats, 
bran, and a little lin.seed cake. .About mid-.April the 
ewes and lambs go on to coleworts sown in the previous 
■August to stand through the winter; this crop causes 
a good How f)f milk. Here ihev stav till the middle of 
May, then they go on to a mixture of oats and tares 
till the middle of June, then to coleworts again to give 
a little bloom to the lambs before the sale in earlv |ulv. 

As an example of a drv or fatting florU, the following 
is from a .Surrev farm. Sheeji are brought in in 
September and fattened out during the winter, a certain 
number being drawn each week for market ; the whole 
lot are cleared out bv the end of April, there being no 
grass to tide them over the stimmei. A’arious green 
crops are grorvn ; swedes and kale (six rows of the 
former and two of the latter'), rape, green rve, winter 
barlev, etc. A considerable amount of cake is fed so 
■IS to get the animals out earlv while prices are .still 
good. 

V'ariatio.ns on Chalk Soii.s. 

On chalk soii.s the posttion is somewhat different 
bcx'au.se they are cooler in siiinmer, and there is no 
need to get the animals away so earh'. In a large 
breeding flock in Dorsetshire the following scheme of 
cropping is arranged. Lambing takes place in jnnuarv 
and Februarv, and the lambs are sold in .August. 
Sowings arc made in May of rape, mangold, hop 
clover, and rye grass; in June of turnips and rape 
mi.xed indiscriminately, turnips alone, swedes alone, 
swedes and kale—fotir drills of the former to si.x of the 
latter; in Julv, kale; in August, cabbage (garden 
sorts, not the Drtimhead, this variety being reserved 
for the cow.s), earlv red trifolium, late white trifolium ; 
in September, winter barley, rye, first .sowing of winter 
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vetches; in October, more winter vetches, cabbage; 
then in the spring, sav in March, a mixture of vetches, 
oats, and peas. Ihis is an extensive list, f)ut the 
breeder cannot afford to leave anything to chance. 

The areas devoted to each crop have to be thouglit 
out carefully so a.s to avoid unnecessary work and 
trouble. \\ hile provision has to be made ag.iinst 
possible failures, it is also necessarv to have some way 
of using up possible excess; here the silo comes in 
vcr\' useful. Anv crop not wanted by the sheep can 
be cut u[) and blown into the silo, where it will keep 
for a long time, and can be fed to other animals, for the 
breeding flock will not lake silage. 

No strict rotation is kept, but it is not usual for the 
land to be “ sheefied ” too often; and in the inter¬ 
vening period corn crops can be grown. Tints, of the 
700 acres of arable land, 250 acres are under corn crops 
(mainlv wheat and oats), and 14 acres under potatoes. 
As might be expected, the corn crops do very well 
following crops eaten on the lield bv the sheep, though 
they are notiieablv poorer after mangolds drawn off 
for the cows. 

There is, however, a marked tendency for the dairy 
cow to displace the sheep on the chalk soils, and this 
necessitates the abandonment of folding and some 
change in the cropping. It remains to be seen whether 
the fertility of the chalk soils can he adequately main¬ 
tained without sheep : certainly the production of farm¬ 
yard mamtre must be less, since one cow di.splaces many 
sheep: in Hampshire and Wiltshire one cow has, 
during the past thirty vears, taken the place of 9 sheep ; 
in Berkshire of 15 sheep: and over the whole country 
of II sheep. 

Fertilising Rlementps REQi’iRF.r) on Chm.k Soils. 

In many cases corn crops require little fertiliser, 
except some superphosphate to counteract the effect of 
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excess of nitrogen after the folding. If the climate 
allows of good yields it may be desirable to give a little 
nitrate of soda or sulphate of ammonia to a second corn 
crop. Corn and leguminous crops often respond to 
potassic fertilisers—notably kainit—and crops grown 
for sheep are often improved in feeding value by the 
use of superphosphate or basic slag. Lime is often 
necessary on soils overlying the chalk, and it can go 
on before the seeds. P'armyard manure is essential, 
and is used for the roots or the wheat or spring oats. 

On some of the poor light land it is possible to grow 
only lupins for ploughing in, and then rye; but this 
system necessitates two years’ work for a single crop. 

HEAVY SOILS. 

The disadvantages of a heavy soil are difficulty of 
cultivation, harmful effect of rain in autumn, winter, 
and summer, injury done by spring droughts, and un¬ 
suitability for sheep. Against these may be set adapt¬ 
ability to cattle, special suitability to grass, wheat, 
winter oats, beans, mangolds, and some of the modern 
silage mixtures. Further, there is le.ss liability to weeds 
than on light land, although in certain conditions 
weeds become a great nuisance. 

The present position of clay soils has arisen largely 
out of their past history. In the old days they were 
used for wheat and beans; cultivation was brought 
about with heavy wooden ploughs that look very 
cumbersome and antiquated to a modern farmer, but 
nevertheless were very effective, and, inded, .sometimes 
did better work than .some of the modern substitutes. 
So long as labour was fairly cheap and prices .suffi¬ 
ciently high it was possible to continue a simple 
rotation with the aid of occasional bare fallows. When 
the depression came some forty years ago the heavy 
land went down to grass, and, as a certain amount was 
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already devoted to this crop, tlie proportion of grass to 
arable became very high. By means of livestock, 
farmers managed to obtain some sort of living, but the 
returns per acre were only small, and there was no 
scope for the employment of much labour. 

The general result of the history of heavy land is 
that a good deal is already in rather unsatisfactory 
grass. Two courses are open :—(i) The grass may be 
improved, or (2) it may be converted into arable. 

Improvement of Grass. 

Two methods exist for the improvement of grass 
land, treatment with basic slag and drainage. Some¬ 
times slag alone is sufficient, sometimes both are 
needed, but it nearly always happens that one or both 
must be used. Addition of slag has had a most won¬ 
derful effect on the heavy land of England, especially 
the poor land carrying only thin herbage with a great 
deal of bare space on the ground. In almost every 
county experiments have demonstrated this remarkable 
effect. The pioneers were Prof. Somerville at Cockle 
Park, in Northumberland, Sir T. H. Middleton, and 
Prof. D. A. Gilchrist, then at Bangor with Sir J. J. 
Dobbie; the work was continued by these gentlemen 
in various centres all over the country, and now every 
farmer knows the story. But there still remain men 
who do not improve their grass, in spite of the fact 
that the additional herbage enables them to carry more 
stock, and to turn out their stock more quickly than 
was possible before. Even under the dry conditions 
obtained in Essex, slag is found to be very effective, 
and Prof. Scott Robertson’s experiments there are 
among the most striking that have been made. 

In certain cases lime is necessary before the slag can 
act: instances occur in Yorkshire. 

It often happens, as at Cockle Park, that wettish 
land becomes sufficiently drv after treatment with slag. 
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thus rendering drainage unnecessary. In many ca.ses, 
however, there is so much free water that a way out has 
to be found and some system of drainage must then be 
adoptr'd. Mole drainage is often useful, and it should 
be inquired into before pipe drainage is attempted. 

('oNVERstoK iN'to Arable. 

While arable land is more expensive than grass to 
farm, and therefore more risky in times of falling prices, 
it produces more food per acre, as is shown bv the 
following table: — 


' ^ nUi in f Mis ilfss sfi-if) ICiiiTtfx vtihif <>l tocij 
t K>i> .it Iit.tiiil ' {Millions Ilf cjiliirifs i 


Crop ; ) i.ifi IVr U)n ' Pet .ure 


No of daya 
for wliiili I 
.irr»- will 
pros idr fof 
oii« man. 


Potaioos . .. I 4 “ 

Wlirnl I dll f >4 

B.nfliD i 7i -41 

Oats . I •).- 1. 

Meat from , 

Kuh paslurc ioi!l> l.it xie.it 

Medium p.astiirt ] n-olb Ir.ui mr.il 
Poor pasinrr Ji> ll> Ir m incdt 

Milk rom jrood ^'I.lss ■/oolE tntik 

45 lb intal. 


5 f«) 
2 g(. 


74 


1 (i 8 

■ lK< 


I SO*’ 
700 
4 <»o 
47“ 

14 “ 

40 

6 

200 


.'\s an example of lieav\ land arable farming in the 
southern pari of England, it is found at Rotbamsted 
that winter corn u.suallv succeeds, barley is generally 
good, spring oals and spring wheat are usually un¬ 
profitable, potatoes do tolerably well, as do mangolds, 
except in a dry season, and swedes and turnips generally 
do badly. In drawing up the rotation, therefore, as 
much as possible of the land is pul into winter corn 
and only the minimum area into roots. Cleaning of 
the land is done by means of the autumn cultivation 
and stubble cleaning already described. The woakne.ss 
of the system at present lies in the root-break : a portion 
of the land must always come into roots, and we have 
as yet found nothing that invariably pays — potatoes 
have been profitable, but they have also led to serious 
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losses; swedes and turnips have failed, and mangolds 
have often barely repaid expenses. 

riicre IS no doubt that the future of this rather heavy- 
land over much of the country depends on th<! root- 
break; it is here that money is lost, and if only this 
could become self-supporting, the linances of the farm 
would be considerably uplifted. Mr. ]. C. Ilrown at 
Mr. E. D. Simon’s Leadon Court h'arni, now as.socialed 
with Kotham.sted, is doing valuable work on this pro¬ 
blem, and farmers should carefully slinly his .series of 
crops de.signed to feed a dairy herd throughout the 
year. 

The other crop that deserves attention is the seeds 
mixture; pure clover is .somelimi's attempted where a 
mixture wf)uld !)<■ belter, and every often the mixture 
could be much improved. It is impossible to give any 
general instructions, but the County Drganiser should 
be consulted in ctises of uncertainty. Dften, loo, loss is 
increased because the seeds need lime or chalk. 

.SprciAL 'INi’i-.s OK Soil. 

Fen Soils.- Owing to their limted area and the good 
type of farming that generally prevails, it is iinnece.s.snrv 
to say much about these soils. They are almost ex¬ 
clusively in arable lultivaiion, and liille or no live-stock 
is kept. The most suitable crops are oats, wheat, and, 
above all, potatoes, the introduction of which some 
thirty years ago completely revolutionised fen hus¬ 
bandry. In smaller quantities mangolds, celery, 
mustard .swd, cole .seed, rve gra.ss .seed, buckwheat, and 
other seeds arc grown. Corn crops, how'ever, do not 
finish well; they .start well lint do not “ corn out.” 
But where clay lies underneath, a complete remedy lies 
in bringing tip the clay and spreading it; this is done 
about once in twenty years. The soil shrinks x'ery 
mtich on drying, forming large cracks dangerous to 
animals and sometimes destructive to cart-wheels. 
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Oxidation is continually proceeding at a rapid rate, and 
within living memory the fen has shrunk several feet 
—in many cases it only has another 5 feel or 6 feet 
to fall before disappearing altogether. 

Fen .soils do not require lime or nitrogenous manures, 
or, as a rule potash; but they do respond in a marked 
degree to .superphosphate, and in ordinary practice no 
other fertiliser is used. 

Pi'dt Soils .—These differ from the fen soils. A dis¬ 
tinction must further be made between the high-lying 
and the low-lving peats. The high peats are u.suallv 
subject to so heavy a rainfall that ordinary agriculture 
is impo.ssible and only a small area can be put into 
oats, ra|)e, or similar hardv crops. In the past farmers 
often bought their corn, but there is no doubt more 
could he raised locallv, and there are considerable pos¬ 
sibilities in some of the new varieties now available. 
.Superphosphate should always be u.sed to ha.sten 
ripening, and a little nitrate of .soda or .sulphate of 
ammonia is useful in giving an early .start. The gra.ss 
is often greatlv improved bx slag. In all rases, how¬ 
ever, cost mii.st be rarefitllv studied and improvement 
effected slowly; it is very easy to spend more money 
than will ever come back. 

For low-lying pools three broad methods of treatment 
hax'e been adopted : — 

(i) .\meliorating siib.stances (.such as lime, artificial 
manures, etc.) are added, and the peal is cultivated as 
if it were normal soil, potatoes and oats being .specially 
suitable crops. This is possible only when the deposits 
do not lie too high. 

{2) The [veal is removed ;ind sold, and if the climate 
allows, the underlying formation is ; — 

(a) Ploughed up, if it is clay or .sand; 

(h) Covered with toxxn refu.se and then cultivated, 
as at Chat Moss. 
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(3) The ground is warped—that is, systematically 
flooded with tidal water carrying .silt till .several feet of 
soil has been formed; this is possible only in a tew 
areas, e.g., Lincolnshire, lying below high-water level. 



CHAPTER VII. 


CON IROL OF SOIL FERTILITY. 

In llin i)n‘ce(lmg chapLt'r.s it is siiown that following 
conditions are nece.ssarv for siicce.ss - 

(1) I he crops must suit the soil and the clinitile; 

(2) 'Die .s\stem of luisbnndrx—i.e., the method of 
growing and disposing of the crops—must suit the local 
conditions and the inarkels; 

(3) (liven suitable crops, failure niav still result 
from : 

(u) InsufliiierU plant food; 

(h) Insiifhi lent uatei ; 

{(•) InsnrtiiienI .air for the roots; 

(</) Too low a lem|)erature; 

(e) T do hllle root room ; 

(/) SoriK' harmful (|ualil\ in the soil or .some plant 
disease. 

Li t (.'koi's Si i'i (. oni u i ioNs. 

F.armers are now in ;i better position lluin ever before 
to find varieties ol crops s|)eciall\ suited to their local 
conditions, .and on m.aiiv harms 11 would he possible to 
increa.se x ields .a[)preci.ablx xviihoiil spending another 
pennv on manure or eullivalion hx- simplx substituting 
a new varietx for the one usuallx groxvn. In.stances 
eoiild he miillipled all oxaa' the counirv; to take one, 
Mr. Lind.sev Robb, at VexxTon Figg, has groxvn 
dilTerenl varieties of crops side In side, giving eat li the 
same cultivation and rn.iniire; some of his results are ; - 
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the same di.slrict; it may, or it may not, nothing; Inn 
actual trial will show. When it comes to dislnns 
widely separated the varieties may come out in a V(‘ry 
different order of merit as th(! re.sults follow inj,' prove : — 


W,J,. A«.ikf 

w /Mninil.tiire 
l>annrr 

'Jlioits.ind Dollar 

Sibi't I til 

t'arefui watch should therefore he kept for new 
varieties, hut thev .should not be given on the large 
.scale nil they have piroved .satisfaetor) in small tests. 

Just as the farmer can change his crops to suit his 
cotiditions so he can change his conditions to suit his 
crops, though to a far smaller extent. The effects of 
had climate may be mitigated: wetness is made less 
injurious by drainage and cultivation as shown in 
Chapter IV., and its retarding effect on plant growth 
and on ripening may be le.ssened by giving a little 
nitrate of soda or sulphate of ammonia to ensure an 
early .start, and sufficient pho.sphate to hasten the 
ripening. Dryness can be overcome completely by 
irrigation, and partly by surface cultivation, the 
addition of farmyard manure, green manure and the 
treading of sheep, all of which will he di.scussed later, 
while its effects are diminished by pola.ssic fertili.sers 
which keep the plant growing longer than it otherwise 
would. 

C ontrol of the soil bv cultivation has already been 
discussed : it remains now to .show how fertility ctin be 
controlled in other ways. 

Food .Sti»PLy on Arable Land. 

All fertilising constituents absorbed by a crop that is 
carried away are lost to the land, and whatever is thus 
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removed obviously rannol be rounted upon for lulure 
crops. 'I'able 1. shows the amount of plant nutrients 
removed by ordinary sized crops (rom land in medium 
condition; a 22 ton inanfjold crop (roots onlv) is .seen 
to take g8 Ib. nitrogen, 3(d Ib. phosphoric acid, and 
223 lb. potash, while a 30-bushel wheat crop removes 
in the grain only 34 lb., 14 lb., and i) lb, respectively 
of these sub.stances. For this reason the mangold crop 
IS said to be exhausting, and farmers will often declare 
that in lh(' corn croji thev can see to an inch when- 
the jirecedmg crop was mangolds which were drawn 
off. In the old days these occurrences cau.sed a good 
deal of iniuble, and restrictions of various kinds weri' 
introduced into leases, but nowadavs thev present no 
particular diflicully; the abstirbcd lonstituenls can 
quite well be replaced bv artificial fertilisers, and the 
exhaustion is then rectified. 

'fhere is now no justification for restrictions as to 
cropping, sale of crops, etc., since it is (jiiite easy to 
make good anv losses from the soil. Table 1 ., how¬ 
ever, does not aflord a coinplete guide to the lo.ss of 
fertiliser constiltients brought about bv arable cropping, 
for losses arise not onlv from the crop, but from drain¬ 
age as w'ell. 'fhese latter losses are small and almost 
negligible for potash and phosphates; they become 
much greater for lime, and, in regard to one ol the 
mo.sl important constituents, nitrogen, the lo.ss from 
drainage and dissipation commonly exceeds the loss 
from actual cropping. Fig. 20 illustrates the results 
from Rroadbalk; similar results have been obtained 
elsewhere. It follow's that a farmer who .simply replaced 
what he took awav W'ould impoverish his soil both in 
lime and nitrogen. This is shown on one of the Broad- 
balk plots, which each' year receives potash and phos¬ 
phates in addition to 431b. nitrogen per acre (as sul¬ 
phate of .ammonia). Now 43 lb. is the quantity of 
nitrogen taken by a 26 bushel wheat crop; one might 



Nitrogen Lime Phosphoric Potash 
(CaO) Acid^ (K^O) 
(PzOb) 

} jo 2< ‘ — 1 show inii llif w ,!l;i "* li’f l i1im i ( (>11^1 lUu ii 

I null t he soil Iho.nlhai k \V heat hfl'i I lie "feaiesl loss I roin I lo 
ol \ u\v ol i]uaiilUv is in the liin<. Most ol this is hi one hi 
ahoul h\ ilr.Hinaee w.iinr. Tlio most t\peiisi\f 'oss is m liic 

nilioeiM li.iir ol \\hi*“h is iliu'to ilu (:o]i .iii<l li.ilf to lii.ini.iet 
Nv.ile' 'I h< Ifiss ot |ilu>s|ilia' e ,iii(l pot;i "h snul 1 .nnl eiil ii el v d n» 



CONTROL OF SOIL FERTILITY. 


51 


expect therefore that this yield would be attained. It 
is not, however. For the past ten years (1911-1920) it 
has been 21.9 bushels only, and ii is steadily falling at 
the average rate of i bushel in seven years. 

The reason for this loss of nitrogen lies in the activity 
of the soil organisms alreadv described. There is a 
conslant process of change in the soil whereby nitrates 
are formed ; ihese are invaluable as plant food, but, 
unfortunately, they are very rapidly lost by drainage 
or destroyed in other wavs. Lime is lost because it 
di.ssolves in water in presence of the carbonic acid 
given off into the soil bv the plant roots and the pro¬ 
cesses of decay. Potash and phosphates stifTer no loss 
apart from cropping—a fact of great importance in 
fertiliser practice. 

Table i. 


Fertilisiiif; Constituents 
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A further effect of arable cultivation is to exhaust the 
supply of organic matter in the soil. So long as there 
is sufficient organic matter the water supply and air 
supply are likely to be good, and the cultivation pro¬ 
cesses can fairh easily be carried out. But when the 
organic matter falls too low cultivation becomes more 
difficult, tilth is not easily obtained, and air supply may 
be reduced. Crops such as potatoes that require 
plemtiful air supply to the roots can be grown only with 
difficult\, and are best not attempted. 

Fodh Si i’CLY ON Land in Gkass or Skkds Mixtukl:. 


t'omparc all this with what happens under grass. 
Drainage is reduced to a minimum, and there is no 
washing away of plant food. No great amount of fer¬ 
tilising material is carted off; even where hay is sold 
the altermath is usually grazed, and the crop removes 
from the soil little more than a crop of oats. F'urtiier, 
even in this case there is no net lo.ss of nitrogen from 
the soil; often, indeed, a gain, since the clover organ¬ 
isms fix nitrogen from the air, as already de.scribed. 
In addition, there is a great gain in organic matter 
which has been made by the plant from the air. These 
facts are all illustrated by the following analytical 
figures obtained at Rothamsted and in Canada 
respectively :— 

Up Gr,ide—Arable Land laid down to Grass (Rothamsted). 
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The accumulation of nitrogen and organic matter 
while the grass is growing is somewhat slow, but it 
keeps on for a long time. During the early years 
newly-sown grass commonly yields well, then it falls 
oil, .and finallv improves again lo give a good “ old 
pa.sture.” When the grass is broken up the 
accumulated fertility is relea.sed, ;ind so we ctin under¬ 
stand the advantage of taking ar.able crops after grass 
,'ind apprectate the popitlar saying, “ Make a pasture, 
break a man; break a pasture, make a man.” 

Of course it does not invariably follow that the ftrsl 
(rop after plotighing up the grass is profitable. It may 
happim that a satisfactory tilth cottid not be obtained, 
that the ploughing w'as done too soon or too late, the 
grass was not properly killed, or the ground insufti- 
iienilv consolidtited. In districts of rather low rainfall, 
jfi inches or less, consolidation is very necessary, and 
instruments such as (he furrow-presser should be used 
if cereals are ttiken directly after grass. In suc'h 
cin umstances potatoes are probably the best crop. 

rite farts are illustrated by the results obtained from 
ploughing up grassland in ipiy. In spite of the fart 
that much of this land had gone down to grass hec'ause 
it w;is itnsuitable for arable ptirposes, it nevertheless 
gave in iot8 higher yields of potatoes, mangolds, and 
ttirnips than the older arable land, but it gave lower 
rfields of cereals. Oats did best, then wheat, and then 
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barley (ibis was also the result of the Rothamsted trial). 
In the second year the yield of cereals improved; oats 
were better than on the old arable, and wheat was 
prarticallv the same both on old and on new, while 
barley was only a little behind. The re.sults are shown 
in the table on paj^je 53. 

I’LANi Toon ,Si efLY : How TO Inckease It. 

Of all factors in soil fertility the supply of jjlant food 
IS the easiest to control. The farmer now has available 
to him an extensive list of substances - no less than 
thirty^ -which add any desired (Onstituent to the soil. 
The real difficultv is to know just what to add. 

It used to be suppo.sed that an tuialy.st could take a 
.sample of soil, tnake some chemical tests, and then say 
exactly what constituents were lackini;, .and how much 
of each would be necessary to put matters right. It is 
possible to point to ca.ses where sucr<‘ss has been 
achieved; but there have been many failures, and most 
agricultural chemists now recognise that .soil analysis 
is of value only in comparing one soil with another 
that is very much like it. Thus, if an analyst knows 
that basic slag acts well on .A’s farm, he can advise B, 
who.se soil is very similar, whether slag is likely to act 
well for him. Rut without this detailed knowledge of 
actual farm results an analyst cannot give very u.sefiil 
advice. 


Farm Tests Needed. 

The soundest information comes from actual farm 
tests. The individual farmer may be in no position to 
make these, but county authoritie.s, farmers’ clubs. 
Chambers of .Agriculture can do so. The simplest plan 
is to .set out varieties in one direction and manorial 
treatment in another. .As an example the following 
may be given. It was not carried out at an experimental 
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stalion, but on a farm, and not by a professional 
experimenter, but by a practical fanner : 

Tii.Tlswilh Oats oil Poor Li^ht Shiublands Park l'!!state, 

Siittoik. ^'lel(ls per Acre. 
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1 he test gives just 

ihe information the farmer needs 


it tells him ih.'il nilraie of sodti "ives ti very distinct 
return, increasing the yield b\ ail)thing up to to 
bushels of grain ;ind to cwt. per acre of straw, while 
fill I her additions of superphosphate, and of super and 
lime, dti not further increase the crop- not necessarily 
because Ihev are not wanted, but probably bec;iu.se they 
have no chance of ticting. Of tin tour varieties tried, 
W'averley has come out best. 

Such a test should always include a limi'd plot; there 
ate many cases where time and inonev are being largely 
wasted Itccatise the soil needs lime, ;ind nothing else 
•lei// do instead. 

Control of Water Sirri.v, 

In dry seasons large |)arls of Fngland suffer from 
lack of water, and therefore it is necessary to make 
the most of the existing supply, particularly in view of 
the impossibility of adding anv more water to the soil 
of the ordinary farm. This can be done in three 
ways : — 

(i) Ry adding organic matter to soil—e,g., farmvard 
manure, green manure, clover residues, etc. 
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(2) By surface cullivalion, which reduces evaporation. 

(3) By keeping down weed.s, the worst .soil-robbers 
in existence. 

'I'he effect of organic matter is shown in Fig. 21. 
Addition of farmyard manure to the .soil causes an 
increa.se in the powttr to hold water, which we cannot 
yet rcjirodiice by any combination ol artificials; the 
result i.s that soil receiving larmvard manure is alwavs 
a little moister than .soil which does not. On the 
mangold field at Rothamsted, the pari tli.'il regiilarlv 
receives farmvard manure alwav^ cnniain.s more w'ater 
than ihe jtarl that receives artilicials oniv. During a 
dr\ spi'll this additional moi.slure nieans a great deal 
to the \oung plants, so that they develop well; those 
without farmvard manure itave abundance of food, but 
thev lack water, and make so little growth that thev fall 
a lo.ng wav behind. Of course, when the rain comes 
they pick up .satisfaclorilv, but no farmer likes to see 
his plants standing .still waiting for weather. Farm¬ 
yard manure i.s therefore of great importance in the 
Eastern counties. Most ftirmers, however, have in- 
suHtcient ftirmvard manure for the purpose, and there 
are two courses open to them, nameb :—(ri) Green 
manuring; and (ft) grass or clover levs. 

GKEt-..N M.'tNfUlNtl. 

’Phis is recognised as one, of the most efiective wars 
of improving .soil. In the old days farmers sometimes 
gave a whole year to it, but this is no longer necessart 
if a man has a tractor. The green manuring crop can 
be got in between two other crops, prtn'ldcd the work 
is done quickly enough. As an example:—In June, 
1920, the elovcr on Great Knott field, Rothamsted, was 
weedy in consequence of jilants dying in the winter; 
the first cut was therefore taken as early as convenient 
and the land immediately ploughed; mustard was 
.sown and came up well, growing thickly and smother- 




June July Auq Sep Oct Nov Dec Jan Feb Mar Apr. May 
1913 ' 9 'A 

Fig. 21.—Diagram bhowing the atiiouin of moiituie in a 'oil supplicl with larnij-ard 
niatinre compare<^ with ri >01! recfiving artincials only. 
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ing the weeds; it was ploughed in in September and 
oats sown. In .spite of the drought of 1921 this crop 
did well; without any further manure it yielded 50 
bushels of oafs and a ton of straw to the acre, and with 
a dressing of artificials the yield of grain rose to nearly 
60 bushels. 

Speed of working, however, is very important. Land 
which has carried a crop may be sufficiently moi.st to 
allow of the germination of seeds if it is cultivated 
at once, but after the crop has been cleared off and the 
surface c.xposcd to the sun and wind it may become so 
dry that germination is inipo.ssible. Mustard .sown in 
this way is of great value on chalk soils; it is more 
effective th;m anv combination of artificial manures and 
fuliv as good as a hcavv dressing of well-made farm¬ 
yard manure, \nother tuseful crop is trifolium, which 
iias the advantage that the young plant will tolerate a 
firm seed bed, so that it ran be drilled on to a stubble 
with very little preparation. Where the crop will stand 
the winter it ran be left over till spring ; otherwise it 
must be ploughed in in autumn. On very light sandy 
soils nothing is belter than lupines, which will tolerate 
both dryne.ss and aridity. Tares are an e.xcellent pre¬ 
paration for wheat on heavy soils, but they are not 
suitable on .sandy or chalky soils. Various other crops 
will serve as green manure; in all cases local knowledge 
is required. 

.'VlWANTAGES OF .ALTERNATE IIl StWNDRY. 

The other method for increasing the .supply of 
organic matter in the .soil is bv ploughing in grass or 
clover re.sidues. We have already seen that grass 
hu.sbandry increases soil fertility, while arable hu.s- 
bandry uses it up. .As a general rule, therefore, the 
farmers best course is to practise* alternate husbandry 
—that is, some 3ears in grass and some in arable. 
During the grass period valuable nitrogen and organic 
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matter are being stored up in the soil, and in addition 
the farmer is receiving a safe return on his outlay, and 
during the arable period the nitrogen and organic 
matter are being worked out and good crops can be 
obtained. The temporary grass commonly grown gives 
larger yields per acre than the permanent grass, and 
it can be broken up as soon as it begins to deteriorate, 
while the presence of the grass and clover residues 
often makes all the difference between success and 
failure on arable land. 

There are many good mixtttres. Our object is not 
.so much to recommend a particttlar one as to emphasise 
the fact that olicrnaU, hushaiuhv ix usiiaJIv best! 



CHAPTER VIII. 


CONTROL OF SOIL FERTILITY (Cont.). 

Value of Subsoiling. 

All farmers know that if they took on more land they 
could get more crops, but they do not always realise 
that they could often extend tluur farms downwards 
and secure more soil without paying any further rent, 
rates, or taxes. In many rases the soil is used only to 
a depth of 5 inches, whereas it could qtiite well be 
cultivated to 10 inches, thereby adding considerably to 
the resources of the farm. 

The advantages of subsoiling were shown some 10 
or 15 years ago by the experiments of Mr. F. J. Gurney, 
of Ridgewell Hill, Halstead, who was at that time 
farming on the heavy land in F.ssex, which by ordinary 
methods yielded only poor crops. For many years it 
had been ploughed with the wooden plough to a depth 
of a few inches only; there had been no deep ploughing 
at any time, and the result was the formation of a 
dense ploughsole at a depth of about 4 or 5 inches 
below the surface. This was as hard as the driest of 
clods, and no plant roots could possibly get through it. 
Mr. (iiirney sent the subsoiler bi'hind the plough so as 
to tear up this ploughsole, and thus gave his crops 
considerably more forage ground than they had before. 
The result w.'ls strikng—all the crops were benefited, 
and considerably increased outptit w'as obtained at 
comparatively small expense. 

These results were confirmed at Rothamsted, using 
Mr. Gurney’s subsoiler, which was drawn by horses 
and sent behind the ordinary plough. Potatoes were 
grown and gave half-a-ton per acre more than without 
subsoiling. This was in 1914. In the sticceeding year 
—1915 -the wheat crop*also benefited. This was a bad 
year for wheat and the yields were low, but more grain 
and more straw were produced by subsoiling than 
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where this was not done. The winter oats of 1910, 
however, and the wheat of 1917 showed no benefit. 
The experiment was repeated with potatoes in 1916, 
and ajjain an increase of half-a-ton per acre was due 
to stibsoilin^r. The restilts were : - 
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These results were obtained on land which had been 
deep ploughed and w'here no definite ploughsole had 
been formed. On many heavy-land farms, however, 
there is a ploughsole, and much more .striking benefits 
are derived. 

Essex still affords some of the most striking instances 
of the benefits of .stibsoiling. The farm of Mr. J. 
Hepburn at Bradfield Hall, near Mistley, wms in a bad 
state when ttiken over, but now by good management 
it is very productive, stibsoiling playing a great part 
in the improvement. This process is carried out with 
the tractor and not with horses or steam tackle. The 
ordinary tractor will not move the stibsoiler; the wheels 
simplv .spin round and the machine buries itself in the 
.soil. Mr. Hepburn uses a tractor which, though 
draw'ing onlv one furrow at a time, covers ij acres per 
dav and does the wmrk thoroughly. 

The crops on the sub.soiled land are not only better 
than those on the land which has been simply 
ploughed, but tbev are cleaner and weeds are kept 
dowm with less expenditure on ctiltivation. 
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Removal t)E Haumki l Substances or AiiENTs. 

I'here are many possible harmful substances, and 
the farmer would need lo be a good chemist to know 
them all. Rut one thing for which he ought to be very 
thankful is that lime, limestone, or chalk come as near 
lo being a universal remedy as is possible. .\ number 
of ob.scure troubles are grouped under the general name 
of sourness, but they are all remedied by limestone or 
(balk. We shall discuss later on the differences 
between these substances; they are, however, matters 
of detail rather than of general principle. .\ll over the 
country and on all types of soil one finds examples of 
infertility arising from .sourness. The land may be 
drained, cultivated, manured, and \et not be as pro¬ 
ductive as it should; there are bad patches where the 
crop is unhe.;dthy and it readilt succumbs to an adverse 
season. .\fter treatment with linn, or one gf its 
e(]iiivalenl substances, good results are obtained. In 
Norfolk and Suffolk the crag is a convenient source ol 
the.se substances. 

In other cases loss of crop arises from fungus and 
insect pests. It is not our [lurpose to deal with the.se 
except lo slate that the attack of such pests is affected 
by the system of husbandry. riiiis in the We.st 
Country it often hapjiens tlitil out of eight years’ 
rro|)ping, six or seven are grass or cereals. Now gra.ss 
and cereals are likely to be attacked by the same things, 
so the conditions mav favour the continuance of pests 
on the farm. Again, some varieties are less susceptible 
than others; of the leguminous plants some of the red 
clovers are readily attacked bv the eelworm, Tylenchus, 
while .\lsike. Wild White clover. Sainfoin, and 
Lucerne are much less liable to suffer. 

Cnnsiilt the County Adviser .—There are, however, 
many cases w'here a field or part of a field remains 
infertile, in spite of all that is done. It may be faultv 
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subs^)il, or there may be some quite unexpected defect. 
In that case the best thinfj is to con.sult the County 
Advi.ser, who.se addre.ss can be obtained on application 
at the Countv Council offires. 



CHAPTER IX. 


NATURE AND FUNCTION OF MANURES. 

Manures are substances which are added to the .soil 
in order to increase the growth of crops. The older 
writers made a rather fine distinction between ,sub- 
.stances like Lime which improve the soil, and those 
like Nitrate of Soda which fei'd ihe crop, calling the 
former “ soil amendinent.s ” and (he latter “ manures 
proper.” It is now reeogni.sed that the distinriion is 
not realiv valid. Lime and Farmyard Manure certainly 
improve the .soil, but they also furnish food for plants: 
while Nitrate of .Soda, though a valuable food, has also 
direct effects on the .soil. 

It is now recognised that all manures have a complex 
action in the field :—(i) Feeding the crop; (2) .Mtering 
Its habit of growth, its feeding value, its (]ualities, 
market price, etc.; (3) Acting on the soil and affecting 
tilth, moisture-holding capacity, draft of implements, 
etc.; (4) Making the .soil acid or alkaline, according to 
the nature and circumstances of the ease. 

It IS imjiorlant to bear in mind the'-'' complex effects, 
bwaii.se tliev explain a fact which is lamiliar to all 
observisnl farmers, namely, the very variable action ol 
manures on dillcrent farms and in different .seasons. 
It is probably not too much to sav that no two applii- 
ations of manure ever give quite the .same result, even 
though they represent equal quantities of the same 
manure used on the same crop. Results over an average 
of sea.sons can, of cour.se, be compared and, indeed, 
ran almo.st be predicted; but for any particular .season 
it is impo.ssible to say how a manure is going to act. 
Farming for one year onlv is .so speculative that no one 
could engage in it; onjv when the farmer is able to 
continue for a number of years so as to include good 
seasons with bad ones can he use manures with 
certainty of adyantagc to the farm and him.self. 
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A furllier complication arij>es from tlie fact that 
manures are not single substances. 1 be plant, for 
instance, requires Nitrate-Nitrogen for its growth. But 
it is chemically impossible to supply Nitrate-Nitrogen 
alone; it must be given in combination with something 
else. Now this other component may have no effect, 
or it may be harmful or beneficial, but whether the 
farmer wants il or not il must be there. In the case of 
Nitrate it so happens that the things most convenient 
to the fertiliser manufacturer are also of value to the 
farmer; the .Soda in Nitrate of Soda and the Lime in 
Nitrate of Lime are both useful to the plant and in the 
soil. But tins docs not always happen. 'I he Sulphate 
in Sulphate of .Ammonia is in some cases directly 
harmful, and counteracts part of the good done by the 
.Ammonium, which is the really vtiluable fertiliser con¬ 
stituent. A'et there is no wav of doing without it, and 
the sub.slitulion of some other rompottnd ts with few 
exceptions no improvement from the agricultural point 
of view. The (‘xceptions are .Amtuonium Nitrtite - 
theoretically almost a perfect manurial substance and 
.Ammonium Phosphate- theoreticall) nearh perfect ; 
yet in both cases there is some practical disadvantage 
or inconvenience, so that from the working farmers’ 
point of view they are not as superior to the ordinary 
Sulphate of Ammonia as might be expected. 

Six Groiii’s uk M.vnukes. 

The ingenuity of the agricultural chemist has 
provided the farmer with a large number of manurial 
substances, but they all fall into six groups, as 
follows:— 

I.—Nilrogenous manures, supplying Nitrogen, the 
most important element for encouraging growth. 
Nitrate of Soda, Nitrate of Lime, and Nitrate of 
.Ammonia (no longer available in this country, though 
still used on the Continent). 
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I] . — Phosphatic manures, supplying Phosphate, 
highly imporlani for root development, ripening of 
rereals, and for grazing land. Superphosphate, basic 
slag, bones in various forms, steamed bone flour, 
mineral phosphates, phosphatic guanos. 

III.—Polassic lerlihsers, supplying Potash, essential 
for sugar or starch-producing crops, for leguminous 
crops, and for thin, chalky, or sandy soils. Sulphate 
of lAitasli, Muriate of Potash, Kainit, Svivinite, various 
minerals used on the Continent (e.g., Leucite in Italy), 
hut not here. 

I Organic mailer, highly important for improv¬ 
ing the soil and benefiting the crop, anil always supply¬ 
ing one or more of the above fertiliser constituents. 
Supplying Nitrogen onU : Shoddy, hoof and horn, 
fur waste, and feathers. Supplying Nitrogen and more 
or less Phosphate and Potash also; — Guano, fish 
meal, meat meal, dried blood, rape cake and like sub¬ 
stances; castor meal, etc., farmyard manure, sewage 
sludge, .seaweed, green manure. 

T. Lime, calcium oxide, or carbonate, essential for 
avoiding acidity or sourness in sod and for keeping 
the soil in really good condition for fertility. Lime in 
various forms:—Quicklime, btirnt lime, rob lime, lime 
ashes, etc. Hydrate of lime. Carbonate of lime in 
various forms (chalk, limestone), various wastes, .such 
as lime mud. Chance mud, etc. 

VI.—Mixed manures, containing some of the above, 
mixed in such a way as to supply the needs of crops 
on particular soils or in particular conditions. Many 
proprietary articles. 

Other Processes ^Nn Combinations. 

It will readily be admitted that the list is long enough 
and .sufficiently complex as it stands, but claims are 
sometimes made for other things right outside it. Thus 
it has been stated that radium and electricity both 

5 
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confer special properties on manures, causing great 
increases in effectiveness, for which it is hardly neces¬ 
sary to say the farmer is invited to pay. There is no 
evidence in favour of these claims, and farmers pur¬ 
chasing such manures should regard the transaction as 
a speculation which may not come off. 

Going back to the legitimate list of manures it must 
be emphasi.sed that the ilrst five classes are always 
needed .somewhere in the rotation, and only in excep¬ 
tional circumstances can the farmer safelv omit any one 
of them. No permanent system of agriculture ran be 
founded on omissions, though, perhaps, for a time, 
no dis.advantage may be evident. It would be un¬ 
economical to use farmyard manure alone, even if it 
were po.ssible to obtain enough; it is difficult to use 
artificials alone, even whim clas.ses i, 2, 3, and 5 are 
regularly and properly supplied, and still more so when 
any one is omitted. 












CHAPTER X. 


EARMYARD MANCRE : MAKING AND 
STORING. 

i 111- making of farmyard manure is one of die oldc.st 
arts practised by agriculturists, but even to-day no one 
I an fully e.\plain the changes going on or can sa\ with 
certainty how it should be done. I'or many yeais little 
advtince was possible hecriuse of the expense ol the 
work. Farmers everywhere owe a debt of gratitude to 
\ iscriunt Idveden, of I’vrford C ourt, Woking, who foi 
die past eight tears has entibled Rotham.sted to over¬ 
come this diflicultv and maintain a trained chemist 
solely for the purpo.se of evpei imenling with larmyaid 
III.mure and trying lo find the besl ways of making, 
siormg, and using this valuable leitiliser. 

The besl practice is to let the animals tread the litter 
in a covered yard or box, using sufficient litter to 
ab.sorb all the li(|uid exi remeiits. F.xrellent manure 
.an be made in this way, but there is alwats a loss of 
about 15 per cent, of die nilrogeii, even under the be.sl 
uindilions, and no way of avoiding this tioc'ile has yet 
been discovered. It is usual for die farmer 10 rclv 
cntiielv on his judgment in deciding how mm h .straw 

10 use, but modern investigation shows dial die besl 
results are obtained when there is a definite proportion 
between the amounts of straw and of albuminoids in 
the food. It IS found that 1 ton of straw should go to 
even' too lb. of digestible albuminoids in the ration; 

11 more straw Is used, the manure does not make well, 
and if less, then some of the nilrogen is lost. It is also 
found that the urine of the anim.-ils, especiallv when 
they are on a rich diet, is loo sirong lo give the best 
re.sults, and that impruvemenls ran he effected if water 
is added. Tlie.se ideal conditions have not vet been 
attained in practice, and thev are mentioned only lo 
show that there are .still improvements possible even 
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in so ancient an art as the making of farmyard manure. 

Many farmers have insufficient covered yard space, 
and are compelled to make sotne of their mtinure oul- 
of-doors. In this case losses are bound to be severe; 
they can, however, be reduced by adding more litter— 
if straw is short, bracken can be used. But whenever 
there are pools lying about, or streams of black liquid 
draining away, tbe farmer may be sure that lo.sses are 
going on; and, unforliinalely, it is always the best 
that goes first, and the poorest that remains. 

In the old days farmers used to turn their manure 
before applying it. The practice has something to 
recommend it on dry, sandy soils, but it is very expen¬ 
sive, and involves much loss of valuable ammonia. .\ 
better way, as will be shown later on, is lo plough in 
the manure in early winter, so that the “ making ’’ 
can finish in the soil, where it goes on with much less 
loss than in the air. 

The St iking oe Farmyakd Manure. 

This is quite as important as making, and many a lot 
of good manure has suffered constderably in value by 
bad storage. In fairly dry conditions the manure is 
best worked into the soil in autumn ;md early winter, 
but this means that the winter’s make of manure has 
to be stored somehow through the summer, the worst 
period in which to keep it. I'lie be.st method of storage 
is to keep the manure compact and .sufficiently moist. 
Where the vards are covered it ran probablv remain 
there better than anywhere else; this is often pr.actic- 
able in Norfolk, and, while it has faults, no better plan 
has been worked out. It would be usefitl to try clamp¬ 
ing part of the manure and comparing it with the rest 
that had lain undisturbed. Of course, if pigs or other 
animals remain in the yard the manure is better left 
as it is; it will suffer le.ss by staying there than by 
being moved. 
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Where the yards are open the manure should be 
hauled out before the warm weather begins. The two 
great enemies of farmyard manure are sun and heavy 
rain, and in an open yard it is liable to get both. The 
manure should therefore be hauled out and made into 
a mixen in the spot most convenient for the winter 
carting, and then given some shelter. It h,as been 
proved over and over again that even a small amount 
of protf'ction is beneficial - a layer of earth, a few 
broken htirdles thatched with straw, the shade of a 
tree, have kept off the sun’s ravs and given .sufficient 
protection to save the heap from much loss. In the 
Rothamsted experiments the sheltered manure gave ij 
tons more potatoes per acre than the un.sheltered; in 
the Glasgow trials and those made by Mr. Bradshaw 
in Go. ,\rmagh, there was also a distinct gain. 

Ark Fixers any 1'se? 

I''armers are periodically advised to add certain 
things to their manure heaps with the idea of “fixing” 
the ammoni.'i .ind reducing loss. Gvp.sum tised to be 
widely recotumended, but sometimes kainit or super¬ 
phosphate was suggested instead. There is no evidence 
that anv of these is anv good, and it is mtich better to 
trust to proved remedies such as shelter and compact¬ 
ing ; a layer of earth put on the top gives an even 
better result. 


He\v\ Cake Feeding. 

In the palmy days of agriculture sixty years ago, 
when profits were more easily made at farming than 
now, farmers felt justified in fattening bullocks for the 
sake of the dung. Most excellent manure was pro¬ 
duced. The tradition still remains that cake “ fats the 
cattle, fats the land, and fats the farmer,” and it is 
still true that cake-fed dung is a very valuable fertiliser 
and mudh better than dung made without it. But it is 
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e(|iuill\ true that nowadays it does not pay to give 
heavy rations of rake. Farmers are being compelled 
to revise their rations and to alter their methods of 
beef (irodurtion. I'lte new methods do not give as 
gootl mantire as the old, but that ctinnot be helped. 
There is the consolation that the superioritv of heavy 
cake-fed dung does not last long, and that in mam- 
cases the same effect can be obtained bv more ordinary 
dung made with more profitable rations of cake, when 
this dung is u.sed with artificials as shown later. 

l)AtKY Mani ri;. 

Fins pre.sents a mttrh more serious problem since 
the manure must be cleared out dailv in order to keep 
the cowsheds cU-an, :ind it must be stored somewhere 
so that It ran be u.sed when convenient. The worst 
plan of all is lhat adopti-d in some of the northern hill 
farms, where the manure is simply thrown out from 
the b\re through a hole in the wall ;md is then left 
exposed to rain, wind, and .sun till its goodness nitisl 
have nearly vanished (I'ig. 25). The best plan at 
present practised is to store it in a diingstead, running 
a carl over it so as to keep it compact. Fig. 26 shows 
a good t\pe; it is provided with a sloping floor so as 
to increase its capacity, and it has a lank into which 
the liquid can drain and then be pumped on to the 
mantire as it is carted to the field. shchered [ilace 
of this kind gives useful provision for the solid part of 
the mantire. Obviously, however, no elaborate arrange¬ 
ment is desirable; it w'ould be futile to spimd more on 
the dungstead than the saving would be worth. 

Ltiu iri Manuirk. 

On a dairy farm, however, there is a good deal of 
liquid manure arising from the animal excretions, the 
washing of the cow'sheds, etc. \natysis shows that 
i,oo<.i gallons (4J tons'! of the liquid contains about : — 




2S. —Worst wav of storm;; ilatt) iiiamtic U issinii^ly thrown 
ihrouk^h a hole in the wall, .in<l lelt eN]K)se-l to suii.aud ram. 
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2t)J II). nitrogen, equal to that present in too lb. sul¬ 
phate of ammonia; 3 lb. pho.sphoric acid, equal to that 
pre.sent in 25 lb. .superpho.sphate; 46 lb. potash, equal 
10 that present in 3 cwt. kainit. 

Every farmer knows that this material should not 
be wa.sled, but should be run into a litjuid manure tank. 
I nfortunaleiv there is a big gap between knowledge 
and practice, for on manv farm.s tanks do not exist, 
and on those which are fortunate enough to possess 
them they are often not ti.sitd. .\nd vet a dre.ssing of 
1,500 gallons to the acre has a remtirkable effect on 
levs or on grass Ittid in for hav ; if a man has enough 
he can use it on oats with advtin'age. It is valuable 
both for its nitrogen and its potash. 

1’here is sometimes the possiblitv of buying a suit- 
abb' cart fairly cheaplv from city or town councils who 
are changing from horse-drawn water cirts to motor 
carts. W here the farm is on sloping ground such a 
cart forms the most convenient tank, for it ran easily 
be emptied and cleaned out. 

The Oi tsTtox hk Littek. 

riiree materials are commonlv u.sed lor bedding— 
straw, |)eat mo.ss, and bracken. ' From most points of 
view straw is the best; it is a home prodtict, and 
therefore needs only a minimum of carting ; it contains 
subsltiucps needed on the farm, and it is u.sually avail¬ 
able without spending money. Feat moss absorbs the 
liquid excretions better, but thete is nothing to show 
that it is finally as good as straw. Bracken is quite 
useful where it ran be cheaply rut and carried. 
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FARMYARD MANURE: MT 1 AT IT DOES AND 
HOW TO USE IT. 

No one rompletelv knows :ill lhat farmvarcl manure 
does. It increases crop growth, but so do artificial 
manures; vet farmyard marrtire doi>s somelbin;^ wliioh 
these do not. When used refjularlv il g^ives a steadier 
yield than is possible with artificials; in a .c;ood season, 
it is true, the crops mav not be as high, hut in a bad 
season they dfi not fall as low—while farmyard 
manure will not make fortunes, il will not let a man 
down. Further, farmyard manure much benefits the 
clf)ver crop, and thus increases the productiveness of 
the farm. .And, lastly, farmyard manure maint.ains the 
ferlilitv of the soil; one can adopt a most exhaustive 
system of husbandry and k^ep it up indefinitely so 
long as farmyard manure is usetl—though other things, 
such as lime, slag, etc., may be necessary, and in the 
case of grazing land mav even be belter (Fig. 27). 

How is it done? U’hat are the constituents of farm¬ 
yard manure lhat confer these valuable properties? In 
.spile of years of work we do not fully know. The chief 
consliltienls are, of course, well ascertained : ihev are 
nitrogen, potash, phosphates; a lo-lon dressing of 
dung contains about as much of these as would be 
supplied by 6 cwt. nitrate of soda, 4 cwl. super-phos¬ 
phate, and 2J cwt. sulphate of potash. Util the.se. alone 
do not account for everything. They afford no ex¬ 
planation of the remarkable effect produced by farm¬ 
yard manure on .soil tilth, which shows itself in an 
increased power of holding water—invaluable in a dry 
season—and also in the case with which a tilth can be 
obtained, which is of special importance to the root 
crop. 
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For what Crops should Farmyard Manure be used 
—AND when? 

This depends very much on the purpose the manure 
has to serve. If the soil is liable to dry out, as on 
liU’ht soils in Norfolk, .Suffolk, Redfordshire, and the 
Eastern and .Southern parts of Enj::land, then the farrn- 
vard manure is best applied to the root crop, so as to 
ensure a jrood development of the vount;^ ])lant. Other¬ 
wise it wottld "o on the nio.st valuable crop, whatever 
it niiudit be, this being the one where its steadying 
effects on yield will be most useful. There are special 
cases, however, where it is be.st used on grass, as on 
sotue of the W iltshire dairv fartus, the arable crops 
being grown on artificials fortified b^■ sheep folding. 

The geneial rule as to time of applic.ation is that in 
very wet districts farmyard tnamtre is best applied in 
spring, while in drier districts it is best ploughed in 
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in aulumn. Thus definite expeninenis have shown the 
superiority of spring ajtplicatioiis in file west of Scot¬ 
land and of autumn applications in the eastern part of 
England and the drv strip in Shropshire and Cheshire. 
Some rtf the results are shown in t.ables on page 73. 

It is not alwavs economical, however, to use the 
manure at the time wdien it would he most effective: 
storage involves loss, and it nia\ prove heller to use 
it as soon as it is made rather than to hold it in the 
hope of obtaining more benefit later on. hghl-land 
farmer niav do better to use his manure in ^larch for 
mangolds and in .\pril or .May for turnips, than to 
kee|) il I ill llu' following autumn when he might get 
belter results per Ion of in.inure, but ;il a greater cost 
through loss in storage than he wriuld gain. ,\ heav\- 
land farmer could hardly apply the manure so hate to 
his roots, but might with advantage give to the clover 
such as w.as retulv in February : the manure made after¬ 
wards, how-ever, would have to be stored till autumn. 

How MICII T(l I'Si; .tiN'O Wl'lil \\I1\I llti.u. 

■file great question of how much hirmv.ard manure 
to u.se need not detain us, since it usually h.as to be 
spread o\'er ;is wide an area as po.ssible. It is .some 
consolation to know that large dressings are wa.steful, 
giving smaller profit than less heavy tqiiilications; but 
whether the dressing be small or large it should be 
applied evenly. Many farmers put on the dung by 
sheer gtiessw'ork, and it mii.st be admitted that a skilled 
hand can do it verv w'cll. Unfortunately all labourers 
are not particularly skilful and some guidance is 
desirable; in the Lothians an excellent marker is used 
w'hich goes over the field, marking it into squares of 
6 vards wdde, of which 134 go to the acre; the machine 
is called a “ Dumb Tam ” from its originator. Into 
each square is dumped 2-2J ew’t. of the dung; thus one 
cart does six to eight squares; the dung ran then be 




t'l ttiamiic keep.' \ip 'nil fertil'.ty better. 




FARMYARD MANURE. 


75 


spread vi-rv evonlv. Having sjjrcad the dung il should 
be ploiiglied in as (|tiieklv as [tossible. 'I'liere has been 
nitieh discussion on this point : some htive considered 
that I lie dung could lie on tlie ground for a consider¬ 
able time wilhotil fear of loss, while oiliers ronsider 
that it is mtich injured by frost. It is not cast to see 
how this last can happen, btit there is no doubt that 
the dung is safest under the ground, where it does 
much more good t’httn lying on the top. 

h'armxard mtinure should generallv be used with arti¬ 
ficials. Tliere is tuiicli evideni e to show that belter 
results are, as a rtile, obtained bv the two kinds of 
fertilisers together than by either separatelv (f'ig. 28). 
The exception is the swede cro]), which often (ihotigh 
not alwats) gites no better yield for dung 1-artificials 
than for dung tilone; this is speiiallv true of districts 
where the crops do not generalb' exceed 14 or 15 tons 
to the acre. 'I'hiis at Kolhamsted swedes gave the 
following yields in tons per ticre ; 


i 

Nti maniiu. 

1 

10 Ions v'.mi};; ' 

ID Hms tlllHiJ 
.iriihcials 

9.6 

I2.q 

12.9 


Arlifu-i-il', alone 
12 7 


Rut for potatoes, mangolds, lahhage, kale and rape 
il is better to use artificials .and a moileratc dressing of 
dung (sav to Ions to the .acre) than to use more dung 
and no artificials. Not only are the yields heavier, but 
the crops are healthier; lhe\ resist di.setise attacks 
better, and ihev are tistiallv of belter (|uality. Thus, 
on the mangold plots at Rothamsted, farmyard manure 
alone gives quite a fair crop, but the addition of arti¬ 
ficials re.sults in an extra S-to tons per acre, besides 
improving the qtiality. 

Even for the swede or turnip crop it may be 
better to add the artificials if a yield of over 20 tons 
can rea.sonablv be expected. Thus for Itirnips the 
following re.sults were obtained bv Hendrick and Greig 
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at .Aberdeen in a favourable sea.son in which the 
manures were able to c.vert their full effect : — 

Dressing per acre . lo tons dung ' lotis dung -1 i ! m Inns dung + 2 

' dose of arlifieisiK. i Jost'''t'f .irOLr'iK. 

^ Tttns. Cwl I 'l>.»ns. Cwt. ' Tons Lwt 

V’ield of Turnips 17 i(>| 1j ^2. i..* 

Much more evidence might be brought to .show that 
it is better ecovomy to use modcniic dressings of dung, 
and to supplcwrni llwin leilh arlificnds, than lo use 
large dressings of dung wiilinut artificials. AVe .shall 
discuss later on the best kind of artificials for various 
crops. 

I'SE OK FvR.ttYAKD M.VNl'RE ON GR.tSSI.AND. 

As already stated, .some farmers find it advantageous 
to u.se their farmyard manure on the grassland. This 
practice is better for hay than for grazing. On the 
Rothamsted plots farmyard manure applied once in 
every four years give.s a satisfactory crop, though here 
belter results are obtained when something is given in 
between whiles. Thus when dung is put on every 
fourih year, with fish guano two years after, the crops 
often run up to zj- or 3 tons of hay per acre, and the 
f|ualitv is not loo coar.se. The crop is much larger 
than where artificials only arc given, but it is doubtful 
whether the net result is much better, as the amount of 
clover is considerably le.ss. Still, for a dairy farmer a 
good bulk of hay of reasonable quality is very well 
worth striving for. Similarly, when artificials are 
applied two years after the dung, a better result is 
obtained than when the dung is used alone. 

It is less satisfactory, however, to use farmyard 
manure on grazing land, and this course should not 
be adopted unless there is very strong reason to know 
that it is the best in the circumstances. 




Artificials & Farmyard 
Manure 




















CHAPTER XII. 


THE NITROGENOU.S FERTILISERS. 

XiTKATK OK Soda and Sui.i'iivri-; ok .Ammonia. 

I'ew ferliliscr.s give more striking re.suUs than ilie.se 
two nitrogenous manures when properly used, or prove 
.so meffertive when wrongly applied. In the case of 
most of the fertilisers to be described later, a farmer 
who makes a mistake or sertires no profit in his fir.st 
.season has a very good I'hanee of coming out riglit in 
a later season, since anv material which has not 
benefited the first crop remains in the soil and may 
benefit a .second or third crop. But in the case of the 
nitrogen fertilisers there is, as a rule, no .second chance, 
and anv profit that fails to appear in the first season 
must be given up as hopeless; it may bv a stroke of 
lu( k turn up in a .second rear, bur the chances are 
remote. It m.atters little whether the failure in the first 
sea.son is a man’s fault or his misfortune; the.se valuable 
fertilisers are bv no means foolproof, and in certain 
conditions do not act well. Hut a man who knows 
.something about them is not likelv to go Avrong, and 
few aspects of fertiliser practice better repay stttdy than 
the proper ttse of these substances. Here, for example, 
is a table drawn ttp from practical measurements on 
farms showing the sort of return that ran reason.ably 
be expected from the application of i cwt. nitrate of 
soda or sulphate of ammonia per acre 


W’hrat. t«rain 

IVr I rwt, of sulph 
of .iminonia i>r 
nilraif of soda 

. ... .4’ bushels. 

,, straw 

5 CWl 

Barip^, t'rain . . 

. fbj bushels 

,, ‘Jir.tw 

. . . (■>’, CWl 

Oals, tjrain 

. .7 bushels. 

,, straw . . 

. . b rwt 

ITrn . 

.S-TO cwt 

Man^'oMs 

..-^2 

.Swcdt's 

. . ... 20 

Potalot'S . 

. 20 ,, 

No other fertilisers 

give results of this kind. 
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NnK\TK OI- S( )I)A. 

This is the (jtiickesl acting manure in general use, 
and under favourable conditions it shows its effects in 
two or three days. It gives a more vivid green to the 
leaves and cau.ses more raitid growth, so that it often 
causes plants which have stood stii! during a spell ol 
cold \veath('r to start growing again. This is a ver\ 
great advtintage in case of allacks b\' insects, which eal 
part of the plant, such, for instance, as wiieworn:''. 
wliK h damage the roots and steins, and ciTtain inset is 
ihat (‘.at the voting leaves; wtilli moie rapid growth the 
plant is able to repinic the tissues .as last as thev .are 
de.stnned, and thus lo keep it alive until it is out of 
danger of further .attacks. 

riie additional growth indmaal In nitrate of .soda is 
of p.articular value for hav. When pnaperlv used this 
manure gives valutible increases in the bulk of h.av 
without much lowering of (|u.alilv. Rut there is, 
perhaps, no direction in which nitrate of soda is more 
frer|iienllv wronglv used. The ease with which eKtr.a 
hav can be obtained In the simjile device of applving 
1 cwl. fertiliser b.as led sonii' farmers near lo towns to 
give nothing but nitrate of soda \e;ir allc r vetir lo their 
land. rtiis waas (|iiite a coiiimoii piaiclice in the 
meadows north of London, and for a lime it was pro¬ 
fitable; but it IS not .a fair wav of using nitrate oi 
.soda, and it was ri'sponsible lor giving this fertiliser 
the n.ame of a scourge or a stimnl.ant only, which it 
does not deserve. The Roihamsled gr.ass plots, 
receiving nothing but nitrate ol sotla. gave at lirsl a 
verv fair crop, but deterioration set in, and now bcith 
vield and qu.ililv are reduced; the v ield is on an 
average half a ton per ticre less than it was, and weeds 
form more thtin half the herbage, while the v.aluable 
clovers h.ave been crowded out. The jiroper cour.se is 
to recognise that plants cannot, live on nitrogenous 




.’<>.1 Nuioi;^ HI. mutes e.inse ('r<>])s. Samples fioui 

KotliauistC'i ])lois shouini^ (K'li \iel»l white no manuie is ^iven. an<l 
(Cfnlre and rijilill mlUI where ferlilisei ineludmi; niliof>eiiou‘^ maiiiue 
IS a])j>lie<l. 
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mnnurcs alone, but require also potash and phosphate. 
When the complete manure is tjiven, the yield of hay 
is better and the quality is maintained for a longer 
period. On the Rotharnst(‘d plots the results are: — 

Cwt. hay per acre, 
less 10 >fars avct.iyc Quality 

Wrong rnanurt* :—nitrate of soda 

only . 25^ cwt. Much weed 

Right luanurfS nitrate of soda 

+ suiJi.T]ihosphale and potash 40 evil l-ess weed, 

more clo\ er 

.\nother crop very responsive to nitrate of soda is 
the mangold. This crop is capable of more growth 
than ;inv other on the farm ; it may give 3 lelds of 
anvlhing from 25 to <)0 tons per acre according to tts 
tretitment. Many dairv farmers treat their cro]ts very 
liberallv with dung, but even so it is ahv.'us worth 
trying whether additional yields cannot be obtained by 
giving some nitrate of soda as well. riiis alwacs 
ha])pi‘ns at Rolbamsled; even where 10 tons of dung 
are .su|)plied to the crop on land that has been liberally 
manured in the past, a top-dressing of nitrate of soda 
gives an extra S tons per acre of mangold.s. .\gain. 
however, it i.s desirable to supply some superphosphate 
and poi.a.sh, and in the ease of this crop salt also. 

Cabhages furni.sh a good example of what nitrate of 
soda can do on a Ic^afy crop. Tbev are generalK pretty 
well treated, hut it is useful to remember that a dressing 
of nilr.ate of soda applied in the early davs gives a 
good sttirl, while a dressing towards the end gives a 
fresh green coloitr which much improves the appear¬ 
ance of the crop when it is rut. It also makes the 
leaves more tender, an advantage when the crop is 
being sold locallv, hot a di.sadvantage when it has to 
be .sent long di.sttinres bv rail or sttbjected to rough 
handling. 

Nitrate of soda should be used with raulion on lietivv 
arable soils, as it tends to poarh them. 
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bULi’iiATK ui-' Ammonia. 

rhis feriiliser is now well known to farmers, and has 
come into considerable prominence of recent years. It 
is not loo much to say’ that sulphate of ammonia played 
a great part in helping to win the war, since il furnished 
the additional nitrogenous manure necessitated by the 
food production campaign, as well as helping to pro¬ 
vide high explosives. Like nitrate of soda, ii is by 
no means fool-proof; properly handled it gives 
excellent results, while if wrongly used it mav be 
wasted, or even in some cases do harm. 

The right wav to use sul)>hale of ammonia is to 
apply it at or before the time of .seeding to roots, 
barley, spring oats, and potatoes, and to give ns a lop- 
dre.ssing for winter corn. The wrong wav is to use it 
on land deficient in lime especially if carrying a 
corn crop in which clover .si-eds ari' .sown, eilher pure 
or mixed with grass. On such soils lime ongfil always 
to be applied belore this fertiliser is used. 

Sulphate of .ammonia is not as (jiiick in action as 
nitrate of .soda, but on the other hand il does not as 
readily wash out of the soil, and this gives it a con¬ 
siderable advantage in regions of high rainfall, such as 
the lighter soils in wet parl^ ol onr own country, and 
more especially in .sub-tropical countries, in Jajian, and 
elsewhere. 

Finally, it is safer than nitrate of soda on heavy soils, 
since it has no tendency to poa< b the land ; but, on the 
contrary, rather improves the tilth. 

F.x'cellent results are obtained by using it on 
potatoes, and many good potato fertilisers are made by 
mixing .sulphate of ammonia, superphosphate, and 
.sulphate of potash—about ii-2j cwl. per acre sulphate 
of ammonia, 4 cwt. superphosphate, i-tj sulphate of 
potash per acre, being quite a' useful dressing. Ex¬ 
periments all over the country could be quoted to show 
the advantage of sulphate of ammonia for this crop. 




1 in TIk' I .'u-i()r\ Tlu- nt-w fertilises made. One of the 

processes lu winch the tiilionon of the an is {'onveiled into a \aluahle 
iertiliser. 
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As a spring drnssing for winlor corn f to i j cwl. per 
acre lias proved quite useful. Many farmers use soot, 
and with e.\cellen( results, but soot owes Us niantirial 
value to the fact that it contains stilphate of ammonia. 
Two points about top-dressings ought to be remem- 
liered. Winter rain washes out nitrates from the soil 
and leaves the crop without its necessary nitrogenous 
fond supplies. Whenever, therefore, the winter has 
lieen wetter than usual, it mav be t.aki'n for certain 
that the crof) will need a nitrogenous manure as top¬ 
dressing in spring. 'I'he second point is in regard to 
the (junntitv to use. This, of course, must depend on 
the value of the crop and the cost of the manure, but 
there is evidence that a hold policy mav lead to larger 
crops, and, at reasonable prices, to larger profits. 

lilt X'luv Nitkogun Feutilisurs : Wii.L They Heip 

THE I‘'aUM 1 ,R ? 

The new nitrogen fertilisers were brought into bring 
ihroiigh the fear of food shortage ;ind greatly developed 
bv the war. Some thirty vears ago Sir William 
Urookes showed that the suiqilies ot nitrogenou.s 
huliliser then in sight were insufficient to meet the 
growing demands cif the world, and that unle.ss some¬ 
thing w'ere done Che world would be faced with 
a shortage of food soon after if;30. Chemists im- 
mediatelv set them.selves to prepare the necessarv 
fertilisers from the inexhaustible supplies of nitrogen 
in the air, and proces.ses w'ere soon at work in Norway 
and Sweden ; later on, a greatlv improved method was 
started in Germany, and early in IQ14 the problem 
seemed to be completely solved. Unfortunately, the 
nitrogen compounds thus made were readily converted 
into high explosives, and as soon as the German fac¬ 
tories were well at work the war broke out. The need 
ftJr explosives was so great that other countries took up 

6 
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the manufacture of nitro<jen compounds, and now 
(after the war) it is possible to prejtare any desired 
quantity in the form of valuable fertilisers. Fear of 
nitro£;en sltirvalion has therefore vanished. 

Nitratk of Limh. 

The farmer is now offered a choice of these 
fertilisers. One of the first to be made was nitrate of 
lime, which was sent over from Norway. It has now 
been carefully ie.stcd at a number of centres with (|uile 
satisfactory results. It is much like nitrate of soda, is 
ra[)id ill action, .so that it readily spreads about in the 
soil and quickly reaches the plant roots. In i on.se¬ 
quent e it is very easily taken up by plants, it speedily 
improves their colour and appearance, and induces 
quick growth. It suffers, how'ever, from the drawback 
inherent in very soluble nitrogen fertilisers, being 
liable to wash out of the soil after heavy rain. The 
way round this diffirullv is to u.se it as a top-dressing, 
preferably in show'crv weather, so tliat the plant shall 
have abundant opportiinilv of taking il all up. 

In all these resixicts it resembles nitrate of soda, bin 
there are two wavs in which it diflers—il contains no 
sodium, and therefore is not quite as good for man¬ 
golds; and it does not cause heavy soils to poach. 
.■\ number of experiments have been made comparing 
nitrate of soda with nitrate of lime; sometimes one 
has come out be.sl and sometimes the other, but on the 
balance there is very little to choose between them. 
Excellent re.sults have been obtained with mangolds 
and hay, and, as a top-dre.ssing, with wheat. The lime 
present is an advantage on soils deficient in this 
substance. 

There is a difference in the'amount of nitrogen in 
these two substances, .so that a direct comparison in 
price is not easv. As a rule, nitrate of soda contains 
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15^ per tent, nitrogen, .ind nitrate of lime about 13 per 
cent. I to 2 cwt. per acre i.s a suitable quantity : it 
should be used in spring. 

Muriate of Ammonia. 

One of the most important new fertilisers is am¬ 
monium chloride, or muriate of ammonia, which can 
readily and cheaply be made in very large quantities. 
It contains rather more nitrogen than th(> sulphate. 
It has not been obtainable for a .sufficient length of 
time to enable complete te,st.s to he made, but tip to the 
present the indications are that it is nearb as good as 
sulphate of ammonia in normal moist conditions, 
though it appears to be le.ss good in very dry conditions. 

The Newest Eektii.isek ; Urea. 

The newest of all these fertili.sers is urea. lests 
show that it is practically as gotxl as sulphate of 
ammonia or nitrate of .soda, and, in addition, is very 
highly concentrated, so that freighttige and transport 
charges are all reduced to a minimum. It contains no 
less than 47 per cent, nitrogen, and is thus more than 
2} times as concentrated as sulphate of ammonia and 
3 times tis concentrated as nitrate of soda. Wherever 
transport and cartage are a consideration this is a great 
advantage. From experience hitherto gained it doe.s 
not tippear to give its be.st results when used as a top- 
dre.ssing, and is better applied at the .same time as the 
seed and put into the soil, so that it can be speedily 
covered up. It seems to be .safe for all crops, and does 
not make the soil acid, nor does it cau.se poaching of 
heavy soils: indeed, it appears to be remarkably free 
from any indirect action on soil such as other fertilisers 
.show. 

The net result of all this activity on the part of 
chemists and engineers is that the farmer i.s now put 
in possession of several new fertilisers, each of which 
has something to recommend it either on the score of 
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economy or of specal effectiveness in certain conditions. 
It is too early yet to dogmatise about these manures; 
experts in different parts of the country are carefully 
.studying them, and obtaining information that will 
enable us to say definitely just what are the advantages 
and disadvantages of each of these new compounds. 



CHAPTER XIII. 


THE PHOSPHATIC MANURES. 

SUPERI’HOSPHATE. 

Superphosphate was one of the first artificial fertilisers 
to be [)laced on the market, the prwess of manufacture 
havinsj been invented bv the late Sir John Lawes in 
iiS43; it is. therefore, eighty years old. It still 
retains its popularity amongst farmers, and is widely 
used bv them and also bv manufacturers of compound 
manures. With the exception of dissolved bones it is 
the only fertiliser containing water soluble phosphate. 

The other phosphatic manures that have been pro¬ 
duced since superphosphate was brought into notice 
include basic slag and mineral phosphates, hut in 
realiU' there is fre<|uentlv no great competition between 
them—especially helween slag and superphosphate— 
owing to the fact that each has specitil properties that 
(Older on it a special v.iliie. Superphosphate is pre¬ 
eminently the phosphatic fertiliser for arable land, 
especially in dry conditions such as priwnil throughout 
the whole of the eastern part of England. In the wetter 
conditions of thi' west tmd the warmer conditions of the 
south-west, basic slag is tis effirtive on ('ertain crops, 
but not on all; but wherever the rainfall is l(\ss than 
26 inches per annum the farmer must rely chiefly (tn 
super (o supply phosphates for his arable land. On 
grass land the tale is different. 

PdTVTOrs ANt) SwKllES NKEII SOPKRPHOSPIIATE. 

For the potato crop superphosphate can be used 
under anv conditions of soil or rainfall. In the Fens 
farmers use little else; on loams and sandv soils they 
must give potash, .sulphate of ammonia, and farmyard 
manure in additionbut whether potatoes are grown 
in the north, south, east, or west, they require super¬ 
phosphate to yield the best re.siilts. 

The quantities per acre depend on the size of the crop 
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that can be obtained, the general rule being that a heavy 
cr<jj) retjuiresa larger dressing than a small one; usually 
abotit 4 cwt. per acre makes a satisfactory dressing, 
with I cwt. of sulphate of ammonia and i cwl. sulphate 
of ])otasli in addition to dung. In some districts, how¬ 
ever, more is recommended; in Lancashire 6 cwt. of 
super with 2 } cwt. sulphate of ammonia and 2 cwt. 
muriate oi potash has been advised. In the south-west 
of Scotland and the Nortluimlterland and Durham dis¬ 
tricts a has been recommended that some of the super- 
piios])liale should be replaced bv basic .slag, a mixlure 
of 3 cwl. of each having been found f]uile u.seful. On 
a good Fen soil where heav\' crops can be obtained 
farmers have u.sed as much as S cwl. ]ier acre .super 
with .advantage. 

I'rial should always be made of ihe best quantity : 
no anaKsl can give much help here, and there are 
cases where loo much is being u.sed, and the crop is 
being reduced in con.se(|uence. 

.\nother crop very responsivr' to superphosphate is 
swedes. Here again the qtianlilt to be iisetl depends 
on the .sixe of the crop obtainable, and is higher for a 
yield of 25 tons per acre than for the smaller crops 
more prevalent in the south. If the climate allows onlv 
15 to 20 Ions of .swedes per acre, it is obviouslv in- 
advi.sahle to spend too much on manure; indeed, it 
mav hap])en that nothing beyond a dre.ssing of farm¬ 
yard manure is wanted to give the nere.ssary size of 
crop, although 2J to 3 cwt. superphosphate may be 
expected to improve the feeding qualitv. In the north, 
however, w'here heavier crops are obtained, more liberal 
expenditure is justified and the dressing of super¬ 
phosphate can he well increased to 4 or even 6 cwt. 
per acre. 

.AnvANTAGRs OF B-\sir Slag. 

There are, however, conditions under which basic 
slag is better for sw'edes than superpho.sphate. 




pjtr. ji.—One of Mr. J. C ISroNv’T" crop- L;rown lor pur]->o‘'e- at the II;ii])er 

A(fams A'^iicultural CoMfj^e. Saloj'. Tin- iiietlio'l con-titntes an iinprovenienI on the old 

1 oot-hreak. * 
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W’liercvcr rinj;;LT-and-loe is prevalcm il is safer to use 
slaj;;, and it the growing season is long and tin' climate 
moist (as, for instance, in the soutli-vvest of Itngland 
and parts of the north), slag may prove as effective as 
siiperphospliale, and in some seasons it is cheaper. Slag 
romi's .slower into action, as a rule, than sujter 
phosphale, and would not alwavs bring turnips on to 
hoe (|uite as (juickly. 

Where scab is common basic slag should not be 
used for polaloes. 

Cerkalk. 

.■\ third crop re.sponding very much to superphos- 
phale IS b.'irlet. It has been .shown (hat barley taken 
after Tools whuli have been led on the land is improved 
in ijualilv and in strenglh of straw by a moderate 
dressing of superpho.spliatc. 'I'here is a furliier efferl 
of great \ahie not only in this crop, but in ccriain ca.se.s 
in Olliers also. .Superphosphale ha.slens rijiening of 
grain and conse(|uenllv can be ii.sed with advtintage 
whert'ver earliness is desired. \ good example was 
obtained in .a high moorland district in the west, where 
oats ripened late and were harvested only with dillicully. 
This experienie is familiar to hill larmers. It can be 
overcome in Iwo wavs, both of which coukl be adopted 
—bv changing the variety (or one more .suitable to cold 
conditions, and bv manuring with siijrerphosirhate. In 
the case under con.sideration the local variety of oats 
gave 27 bushels per acre and ripened late, so that there 
was much nn.xietv about the harvest. .A dre.ssing of 
superphosphate caused this same variety' to yield over 
45 bushels per acre, and to ripen earlier. One of the 
nt'wer varieties, however, gave over 54 bushels per acre, 
and ripened earlier; it also stood up well. The same 
effect is produced on wheat, and wherever there is 
trouble about late ripening, it is alwtivs well to trv and 
overcome it bv giving 2 ewt. per acre of superphosphate. 
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Mangolds. 

It is customary in .some {)la('es to give rather large 
dressings of superpho.sphatc to mangolds, but this 
practice retjuires careful testing, as it is by no means 
certain that any gain results. The advantage of a .small 
(|it;mlity (2 cwl. per acre) of sitperpho.s]:)hnte is tliat it 
helj)S to bring on the rnangoki crop in the early .stages 
and .so encourages the plant to establish itseli ; btit if too 
imteh .superphosphate is given, it .seems jxissible that 
the plant will hasten on its rtpentng jiroeesses, and this 
is not wtinled in the case of mangmlds. Farmers speak, 
of course, of tnangolds being ripe, but they mean some¬ 
thing quite different from the ripening' of (ereals. File 
mangold is reallv a biennial, and its natural function, 
as in the case of wheal and oats, is to prodiue seed; 
the ripening of mangolds would, therefore, (orrectiv 
mean the ripening of the mangold .seed. Now, that is 
not what the farmer wants. His object is to delay true 
ripening as much as possible, so as to .seeure a big 
production of root. Some of the Rolharnsled experi¬ 
ments seem to show that large dressings of super- 
pliospliale are not helpful : 

I’l R A< Kl . 

H)lS ItlHj 

-supiflir-s ol [)hosfi!i,itt _s h i ^ n .•<) t 

Siii.ilif'r of [)ln>sf>h.iif j<> <1 .‘(1 I .-I) ^ 

rite experiment deser\’es careful repetition in other 
districts where mangold-growing' is important. 

Buying df Sui'KitPHosfiiATi:. 

The usual grades of .sui)erphos|)hate contain soluble 
plio.sphates which, tvhen calculated ;is tri-calcic pho.s- 
piuite, are ec|ual to 26 per cent., 30 per cent., and 35 
per cent, of the total weight of the manure. Sometimes 
it is stated that superphosphate makes the soil acid, 
but this is not .strictly correct. 
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Basic Slag. 

This fertiliser has been available for farmers for some 
forty years, and has beeome increasingly popular. It 
IS emphatically the fertili.ser for gra.ss land, though 
under cerlain conditions it serves a very useful purpose 
for arable land. 'I'he type of grass land that benefits 
most bv the use of slag is heavv land covered with poor 
herbage containing largi' qiKintities of “ bent grass,” 
which goes brown in autumn, giving a brown, parched 
lor)k to the herb.agc. Sometimes dnainage is necessary, 
sometimes it is not; occasionally, as on .some of the 
.sourer .soils of the North of England, lime must also be 
adtled ; but slag has shown itself the best improt'er of 
pu.sture land in this country. Ila\ land h.as also 
benefited considerably from the ti.se of slag, but more 
usuallt by improving the (pialitv than bv adding to 
the t|uaniil\. 1 he great action of slag is to encourage 
wild white clover. The.se facts .are w'ell known to 
larmers. 

Since the- older agricultural experiments were made 
a ch.ange has occurred in the methods of making basic 
sl.ag, and the malerial now obtainable is not generally 
as rich as that which was on the markc't before the wear. 
In pre-w.ar da\s there was no difficulty in obtaining a 
slag of 3<S per cent, or 42 per rent, total phosphate, 
with a .solubility of 85 per cent, by the official citric 
acid test. Nowadays this type of .slag is not common, 
blit a certain amount is still provided in this country, 
and .some is imported from abroad. The slag ordinarily 
available now ctontains only about one-half as much 
phosphate as before the war, and until evidence to the 
contrary is forthcoming it must be a.ssumed to ihave 
only half the value ’ per ton of the former. It 
is nece.s.sary to bear this in mind to prevent 
di.sappointment. 
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Value df Slags. 

Further, some of the slags, in.stead of having a 
solubility of 8o per cent., according to the official 
method, liave a solubilitv of only 20 per cent. It 
would, however, be a mistake to suppo.se that the\ had 
only a quarter the value of the more soluble slags. 
The official method, in short, does not grade slags 
strictly in accordance wilh their agricultural \alue; it 
will, no doubi, be revi.sed when further information 
is obtained. I'hese new .slags have not been iindi-r 
ex.'imintuion b\ exjierls for ,'i .sufficienllv long time for 
us to know their exact agricultural value, but the 
evidence indicates th;it the new high soluble skigs are 
probably tis good as the old high grade pre-war sl.ags 
when they are compared on equal pho.sphate content. 
The low .soluble slags are cittitc- effective, althotigh they 
are .slower to come into action ihan those of higher 
solttbiiilv. There are a nuttiber c>f e.xperimetits going 
on all over the country, the results of which will 
undoitbtedlv prove of valtte. 

f 'snallv the' addition of slag brings on the wild white 
clover, and no one who has seen the f'ockle Park ex- 
(jeriments or those carried out in F.ssex bv Profe.ssor 
.Scott Robertson can fail to be impre.ssed hv the re¬ 
markable growth of tilts valuable plant (see k'ig. .t.M- 
Even if there is no great visible change in the herbage 
there is often an improvement in the feeding f|iialilv 
which shows itself in a reduced cake bill. 

Sl.Vf. ON \l?VBI,E LvNt). 

The u.se of basic slag on ar.able land is more spc'cial- 
ised than that on grass land, since it is not always 
as effective as superphosphate. It cannot with certainty 
be used in the drier parts of England evhere the rainfall 
is less than some 25 inches per annum, and it is not 
particularly .suitable for potatoes. In both these cases 
superphosphate is the .safer .substance, and is therefore 



i; 1 .’ Kllcrl ofsl.'ii: on ”i,is-,Iainl a1 S.iviuninlli.iin I.u'Nfi ]>ail 
\ u'l«l \Mthout in.mure tlu- ('fiilie poi lion wind i^ii- 
nred to ]i;u lot the ell'll ofinanure and t lu lop poi t ion i t-pu senls 
tliv pioht 
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more generally used. But wherever the land is inclined 
to be .sour and to cause finger-and-toe in turnips, basic 
slag may with advantage he used. In the w'arm, moist 
districts of the South-W est of England and in iho.se 
parts of the North where there is a long growing season 
it can be applied to roots and also to the seeds ley, ;ind 
mav be expected to give as good returns as super¬ 
phosphate, and it may be (though it is not always) 
cheaper. The high soluble slags are [treferable for 
arable land. 

Minerm Fiiosi>ij,\Tr.s. 

The.sc are now beginning to appear on the market, 
and should be carefullt watched by farmers. 1 hey 
gave (|uile promising results in the Es.sex grass land 
trials, and they are included in a number of the county 
nianunal trials now being org.'inised; they are 
being applied in .Northumberland to barle\ in which 
clover is .sown. It is too early yet to express 
an opinion as to their value, and it .seems clear 
that verv fine grinding will be necessary, the 
120 mc.sh silver being better than the cirdinary one of 
100 meshes to the inch. I'rom the evidence at hand, 
however, it .seems that they will .serve a di.stinctlv useftil 
piiqwse on (he farm, and as they can be obtained in 
large quantities there should he no difliculty about 
siipiilies. On the present information the farmer 
should pay less for them per unit of phosphate than 
for slag. 

How TO Comi'vre Prices of Si..\g \np 

.SUPERPnOSPlI.^TE. 

It is a simple matter to compare the prices of slag 
and of .superphosphate. They are both sold on the 
ba.sis of their phosphate content, and although the 
actual compounds are difft'rent in the tw’o fertili.sers, 
they are expressed in terms of the standard tri-calcic 
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phosphate. Thus, when superphosphate is described as 
“ 30 per cent, super,” this does not mean that the 
superpiiosphate contains 30 per cent, phosphates, but 
that too lb. of it contains as much phosphalir material 
as is present in 30 lb. of the standard tri-calrir phos¬ 
phate. So a 30 per cent, slat; does not ronluin 30 per 
cent, phosphate, but, as before, as much phosphalic 
materia! in 100 lb. as do(‘s 30 lb. of the stand.ard phos¬ 
phate. If, therefore, 30 per cent, superphosphate is 
offered at ^4 3s. each unit costs shilline^s- 2 S. lod., 
while if 20 per cent, .slait is offered .at /',3, each unit 
costs t;: shilline-s--'3s. Here the superphosphate is 
slightlv the cheaper. This is cjyen be way if illus¬ 
tration onlv, and does not represent the jtrices of any 
particular merchant. I’he prices should, of course, be 
worked out to include delivery at the farmer’s station. 

.\ Ft:v\ Rt.s. 

There is nothin^ so convincing as figures, and here 
tire a few in regtird to the ellect of liasic slag on grass 
land. Tlie\' are taken from the Fissex experiments, 
and are of special interest becau.se the slags tested were 
of the tvpe common nowadavs. and the\ were not con¬ 
fined to the old high-gr.ide Ressemer slag, which is 
now disappearing. In .all cases the slags were applied 
in t)uantities 10 supply equal ammints of phosph.-ite per 
acre. The increasi- in vield and the improvement in 
tvpe of herbage should be noted. 

H\Y ExPItltlMl'NT. 

Saffron Walden ; good soil. 

Fivii YI'AKs’ .AvruAC.t Yii.iii 

Hossrnifr Slag . . 

Moflcrn Slag, high soluhlf- . 

,, low ,, . - 

Mineral Phosphate . 

No Manure 




YieUJ of hay 
cwt. per acre 

40.0 

30-2 

30-0 

38.1 

30-4 
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Famham ( 15 oiii>ier Clay Soil) 


Iloruilon (Loudon Clay) 


Type pf 
Vogcl.ilK>n 


Plot « 


Plot Plot s 


iOpen hoartlil 
j Hasu-Slaj; ! 
(SoluliiliH I 
.'o, ) I 
I 


High Cilno 

Soltililf 

Basu Slag No Maniir<‘ 
(Si>lii 1 'ility ; 

<»> ) ' 


Plot t 8 j Plot 17 


Opcnliiaith 
Basu-Siai; 
(S.>iuiiiiii> 
20 .) 


Tilt'll Citiir 

S(*lublc 
Basu SUg 
(Soliibililv 
01 ) 


Plot 16 


No Manure 


Clovers I 

Grasses ..1 

Weeds I 

Bail' space •. 


4 s.‘* 

j<) 0 


2 <; o 

40 ^ 



l<. .• 

47 .^ 


g 4 
ig I 

4S -F 


Mamirct. sown Fi-briiaiy j^nd. 11)17 
llerb.igt analysed June, lo-o 


Mai iires sown Februarv ^"Ih. 1918 
Ilcibage anal' sed June, ig20 


About 10 cwt. per aca* is a suitalilc dressing for 
grass land ;i,s ;i first application, Followed every fourth 
year by about 5 cvvl. per acre. 






CHAPTER XIV. 


I'OTASSIC FERTILISERS. 

The potas.sic fertilisers are the newest on ihe market, 
and did not beeome available in any quantity till some 
thirty years apo; they were thus tifly years laler than 
superphosphate and the nitrogenous manures. But 
the) now oceupy an .assured plare in British agiieulture 
and few progre.ssive farmers would attempt to do 
without them. 

J\)tassic tertilisers have four well marked aetions on 
the crop. 

1. 'I'hev keep the jtlant growing longer than n 
otherwise would do; thus the\ lengthen the growing 
season. This makes them ol gre.at .adv.antage on light, 
sandv or thin, ehalkv soils, and esjtet rally in df) , warm 
conditions vthere the plant lends to end its growth 
before the growing season is over. I'lg. 34 shows the 
effett of potassic fertilisers on the potato crop at 
Rothamsted (hiring the verv drt season of irjji. I'lie 
plants receiving no [toiash died ot1 e,arl\, leaving the 
bare jtalches seen in the photograph ; those (hat reieived 
potash, on thi' other iiand, continued to grow tor ,a 
longer period. In tliis respect potassic fertilisers are 
the opposite of phosphates, which hasten rijaminu and 
cau.se (he plant to finish before it olfierwa'se woidd. 
For this same reason pot.assic fertilisers arc, except for 
the crops mentioned below, not usually needed on 
he.avv soils where Ihe plant alre.ady tends to grow as 
long as the farmer wishes it to do and w'here, indeed, 
tie would often desire it to stop sooner. 

Crocs Tiivt CRt; HitLi’t:!). 

2. Thev are verv useful for starch and .sug'ar- 
making crops. T hev are particularly necessary for 
potatoes, for sugar beet and for mangolds—a crop which 
yields more sugar per acre than any other usually 




•oil al Rotliain^^teil ; no ?U]>plieil. The 
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grown on the farm. The effort on the mangold crop 
is shown by the following Rolhamsied result: — 

Effect of Potash on the Produce of Mangolds at Rothamsled, njoo. 


j 

riot 

Maiuirc. ! 

Lcdi 

Roots 

i S,i(;.,r 

per ac.ri* 

ptr acre. 

per acre. 


i 

I 

Tons 

1 Tons. 

1 Tons, 

sA 

Ammonium Salts nnd Super-i 



i 


phosphate 1 

■*•95 


' 0797 

4 \ 

Ammonium Salts, Supcrphos-I 




phati* and Potash j 

3*5 

1 



They are helpful to clover, pea.s, lucerne and 
other leguminous vegetation. I'his makes them often 
effective on hay land in keeping up the quality of the 
herbage, which might otherwise tend to deteriorate with 
the con.stanl cutting. 

4. Thev give tone and vigour to the crop, enabling 
It to withstand the attacks ot fungus pests. They do 
not, however, help against insect pests; here nitrogen¬ 
ous fertilisers are belter. This action is particularly 
important to market gardeners and nurserymen, who 
often incur considerable losses by diseases. An illus¬ 
tration is given in h'ig. 35, showing the number of 
lomalo plants affected by a particular disease; the 
“ stripe " IS much greater where there is no potassic 
fertiliser used than where an ample supply is given. 
The camjmign against eel-worm is often facilitated by 
dressings of potash; thus the tulip root disease, whether 
of clover or of oats, is often checked In addition cif 
sulphate of potash or kainit. The Irish flax growers 
have long recognised its value in dealing with will 
disease. 

Tiik Common Potassic Fkutii.isers. 

The four common potassic fertilisers are sulphate of 
potash, muriate of potash, kainit and French kainit. 
It should, however, • be recognksed that farmcard 
manure contains a consider,able quantity of potash, 
ustiallv about 15 lb. to the ton, .so that 15 tons of 
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farmyard manure will .supply as much pola.sh as is con¬ 
tained in 4 cwl. sulpliate of potash or muriate of potash 
of the ordin.'iry 50 per cent, grade. Hence the need 
for potash is reduced where farmvard manure is 
supplied. I his is well shown in one cif the Ihick House 
field rotation experinK'iits at Cockle Park. The soil 
is a liglit, sandy loam of good texiure, overlving Mill- 
Stone Grit sandstone; it is poor in potash, and just the 
kind of .soil one would expiTt to benefit by potassic 
fertili.sens, and .so it does when artificials alone are used. 
The value of the produce fell off bv ^,'4 ps. on the 
rotation (pre-war value) when potash was left out. Hut 
when farmvard manure was tised the omission of potash 
had not nearly so fiad an elTecl. 



The dressings were: Dung, to tons per acre; 
artificials (full dre.ssing), 7 cwt. per acre (t cwt. sul¬ 
phate of ammonia, 5 cwt. superphosphate, i cwt. 
muriate of potash). 

In the case of mangolds, however, potash is still 
needed even though farmyard manure is applied. On 
th Rothamsted mangold field the addition of potash 





No fJo No Complete Artificials. 
Pot^^bh. Manure.Phosphate Single. Double. 


KfTect of polas^^ic fcrliliserb on hacletial 
slri])e in toniuloes. A iiincli hui'ci mimher ol 
pi.nils was ellVcied !>> disease wlieu- ]><)tash was 
lefl oul ol the ferlil’ser 
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has much increased the yield, as shown by the following 
results for 1920 : — 

Mangolds, Barn Filld. 

Roots since 1856; Mangolds since 1876; produce per acre, 1920. 




Salts in 
Additum. 


Cake in 
addition, 


jaddition 


Dung 


I I Knots 
1 t Loavps 


Dung. Superphov| ( Roots 
phate and Fvitash, \ Leaves 


tH.M 4 ' 

d5> i 


8 ,^ 1 
4 7 ^^ 1 


3»K2(> 

4.27 


.17 W) 
<■> 74 


21.38 


.n'« 

(>.6c> 


33 , 14 ^ 

4 

V 

7.28 


25.12 
.S .P 

28 73 

S'M 


Sulphate of Potash. 

Imr many years sulphate of potash has been the best 
known of the various potassic fertilisers, and it has 
repealedlv proved advantageous for potatoes. It in¬ 
creases the yield and also improves the quality; the 
writer knows of no case where anv injury has resulted 
from its u.se, so that anv farmer uncertain whether it 
is necessary on his land can always try a little without 
ri.sk of loss. It is generally u.sed at the rate of about 
i-ij cwt. per acre, and is sold on the basis of 50 per 
cent, pure potash, chemicallv denoted bv the symbol 
K, 0 . 

Muriate of Potash. 

This was of little interest before the war, but it has 
come into prominence since the armistice, as it is pro¬ 
duced in large quantities in .Alsace, where the mines 
are being vigorously developed by the French companv 
re.sponsible for the work. Insufficient experience is 
available in this country' to allow of any very definite 
comparison between the muriate and the sulphate of 
potash, but a number of experiments arc being made 
under different conditions, and full information will, 
before long, be available. The present indications are . 
that muriate gives the same yield as sulphate. Farmers 
wishing to test the material can advantageously do .so 
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on mangolds and hay land. On potatoes it has 
happened lhal the quality h.as suffered, though at 
present it is impossible lo say how far this would he 
the general rule, i-ij cwt. per acre is a suitable 
dressing. 

1''rench Kainit hr Sylvinite. 

This differs from the German kainit in that it con¬ 
tains no magnesia and no sulphates. Roth this and 
German kainit can safely be used on mangolds and 
grassland, and for cereals grown on rh.alk soils. About 
3 or even 4 cwt. per acre is a u.seful application for 
mangolds, and about 3 cwt. for grass or cereals. As a 
rule kainit would not be as .safe ns sulphate of potash 
for pol.atoes. 

German IvAiNit . 

The German kainit contains about i2i per cent, of 
potash, along with salts of .soda and magnesium, th(' 
effects of w^hich are discus.sed in the next chtipter. 

It is sometimes .said that kainit increases the amount 
of moi.sture in the .soil, but this is wholly incorrect. 



CHAPTER XV. 


SALT, MAGNESIA AND GYPSUM. 

These inaterial.s arc often indiiilccl in the list of 
fertilisers, and they have been much used in the past. 
Thev do not belonj^ to any of the tiiree gre.at fjroups 
of fertilisers—the nitrogenoit.s, phosphatic or potassic 
—and as a matter of fact none of them is essential as 
manure. There are, however, rases where they have 
acted well. 

S\t,T (CllLURtllK OR .MfRlVIE of .SoTU). 

Years af^o salt was much ii.sed as a manure on the 
light s.-mdv and chalks soils of the southern part of 
Itngland, and there is no doubt it was very effective. 
Few, if an\, |)recise records seem to have been kept, 
but experienie was very generallv in favour of this 
substance. It acted well on grassland, where it much 
improved the herbage, and it also improved the yield 
of cereals. Bitt it gradtially went out of use, and now 
the amount consumed is very small compared with that 
of other fertilisers. The reason for this is that salt does 
the .same things as potash, but not la’ile .so well. Fifty 
rears ago it would not have been easy to obtain the 
loo.otK) tons of potassium salts which Ibitish farmers 
now jnirchuse every year, and, indeed, most farmers 
never thought of trying; they used salt, which, thottgh 
not as good as potash, is an effective substitute on 
certain crops, and .scientific investig.ation showed that 
they were right. For salt, although not necessary to 
plants, ran help in regard to the supply of potash, and 
it does so in two wavs. 

First of all. salt liberates .some of the pota.sh which 
is locked up in the soil and would not otherwise have 
become available for the plant. In doing this it 
naturally impoverishes the soil, bitt since it enriches 
ihe farmer he really’ cannot grumble. Naturallv the 
proce.ss cotdd not be rontimn’il indeflnitelv or both soil 
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find farmer would become poor; but there is consider¬ 
able liberation of potash while the process lasts. On 
the Broadbalk wheat field there are three plots whirh 
show this very well. One (No. it) receives nitrogenous 
and phosphalic manure only with no potash; the 
second (No. 12) receives nitrogenous and phosphatic 
manure and no potash, but in.stead sulphate of soda, 
which is similar in action to salt; the third (No. 13) 
receives nitrogenous, phosphatic and potas.sic manures. 
The annual average yields per acre on the.se plots for 
the first ten years (1852-1861) were : — 

(rrftitt. Strau' 
bush. piT jitre rwl pt i aciv 

Plot 13 Complrtp miinurc () L} i 

Plot !2 —So(in instead of potash. 3P4 ^4 

Plot 11.—.No potash and no soda. jS.4 .‘S 

Now that is a very .satisfactory result, and as sul¬ 
phate of soda is often cheaper than sulphate of jKitash, 
a farmer might think he was doing well for himscll. 
-Analysis of the grain and straw showed, however, that 
the crop receiving complete fertili.sers had drawn 5,52 
lb. of pure pota.sh out of the soil during the ten years; 
the crop receiving sulphate of .soda instead of sulphate 
of potash had drawn otit only 78 lb. le.ss, i.e., 454 lb., 
while that receiving no jjotash and no soda had taken 
much le.ss—only 309 lb. It is not .surprising therefore 
to find that a continuation of the soda iretitment leads 
to a markeWfalling off in yield. 

In 1920 for instance the re.sulls were ; - 

Grain, Straw, 
bush, per acre cwt. per acre 


Complfle fortilisor 

. . 28.11 

3 *^ 0 

Soda instead of potash . 

18.4 

28 I 

No soda, no jiolash. 


21.5 


These results show that soda serves quite well as a 
temporary substitute for potash, but as a permanent 
fertiliser it is not sati.sfactorv. 

There is, however, one crop on which salt is often 
very effective. Mangolds came originally from the 
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seaside and they show a marked response to dressings 
of salt : this has been proved repeatedly in a number 
of trials in the North, West and Midland areas. At 
Cockle Park a dressing of 2 ewt. salt increased the 
vicld of mangolds nearly 4 tons per acre on an average 
of live years when a complete fertiliser was given. At 
the Harper Adams College 5 cwl. salt applied after 
sowing added 8 tons per acre to the crop, although 
farmyard manure (which contains potjish) was also 
given. At the Midland Agricultural College an ad¬ 
ditional 5 ions of mangolds per acre were obtained from 
the use of 4 cwt. of salt. In all three cases potash was 
supplied in one form or another, so thal there was no 
fear of exhausting the stock in the soil. Here then 
we have the clue to the proper use of salt : 

1 .—As a dressing for the mangold crop, which, 
how'ever, should have received farmyard manure and a 
potassic fertiliser in addition. 

2 . —In conjunction with potassic fertilisers for gra.ss 
on light land, or where potash is known to be needed. 

I Ip to 3 or 4 cwt. per acre seems to be a suitable 
dressing. 

How CAN .Salt uk Applied ? 

It can be applied alone, or in conjunction with 
potash, but in the latter rase it is not necessary to mix 
the salt w'ith the potassic fertilisers, for the mixture 
is obtainable under the names of kainit and .sylvinite, 
and these are probably the most economical forms of 
potassic fertilser wherever salt is known to be effective. 
There is, however, one crop for which salt should not 
be used, potatoes. Exceptions can be found to every 
rule in agriculture, but it is pretty safe to say that salt 
injures the quality of potatoes. 

Magnesia: Is it of Use to the Farmer? 

Magnesia has been used bv farmers in two forms :— 
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(a) as the oxide (pure magnesia) or carbonate, and (b) 
as the sulphate. 

Tin; oxide or carbonate was mucli recommended by 
one of the older agricultural writers, and 1 have come 
across farmers who followed the advice and thought it 
sound, but 1 have never found any clear evidence that 
the material was of value. Dr. Voelcker showed at 
Woburn that pure magnesia had a retnarkable effect 
on wheal grain, increttsing its nitrogen content; pos¬ 
sibly it would have some effect on the quality of the 
potato crop, but llierc is nothing to show that a larnier 
would gain anything by using it. 

Sulphate of nitignesia, on the other hand, has had 
some useful efft;cls. On the Broadbalk wheal held 
plot 14 is like plot 12 mentiowed nbo\e, except that it 
receives sulphate of magnesia in pl.ace of sulphate of 
soda. The vield for the hrsl ten years was as good 
as that from the complete!} fertilised plot, viz,., .m 
average of 33.5 bush, of grain and 35 cwt. of straw 
pier acre. But there was the same robbery of the .soil 
potash, and in iqao the \ ield was down to i,S.2 bush, 
of grain and 28.8 cwt. of straw per acre. Sulphate of 
magnesia then, like salt, must, if it is used at all, be 
used in conjunction with potash. It occurs in (lerman 
kainit, which al.so contains salt, though wdielher there 
is any advantage in having both salt and sulphate of 
magnesia is not known with certainty. 

On certain sandy soils in the North of England sul¬ 
phate of magnesia has increa.sed the yield of potatoes 
even where potash wms supplied. The reason for the 
good effect is not clear. 

Gvi’St'M. 

Gypsum was formerly much used in this country for 
•ieguminous crops and .still is applied in special con¬ 
ditions in America, e.g., on alkali land, but otherwise 
it has fallen out of the list of fertilisers. .No recent 
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experiments have been made with it, but a considerable 
quantity is always present in superphosphate (a ton 
of super contains 10 cwts or more of gypsum); and as 
most farmers buy large (luantities of this malerial, we 
can still include gypsum among the substances added, 
although unintentionally, to the soil. It would be in¬ 
teresting and valuable to have tests made, bec.au.se it 
might happen that the material had considerable value 
in certain special conditions. 



CHAPTER XVI. 


ORGANIC MANURES. 

The organic manures include guano, bone.s, rape 
cake, shoddy, etc., and they have always had a strong 
hold on the farmer’s fancy. There is something very 
natural about the idea that a manure coming direct 
from the animal or the plant has some .special value 
which a mere factory product, .such as superpho.sphate 
or sulphate of ammonia, cannot possess. The idea is 
(juile reasonable, but no evidence has been obtained 
in its favour; on the contrary, wherever the trial has 
bwn carried (mt, the well-chosen mixture of ordinary 
artificials has always proved belter than the natural¬ 
looking organic manure, in spite of the fact that the 
latter is usually dearer. The scientific explanation is 
simple. The plant can lake up its food only in the 
soluble stale, and has no use for solid materials, 
whether organic or not, and as a matter of fact the 
well-made artificial dissolves more easily than the 
organic manure. It is sometimes considered usc'ful to 
have a slow acting manure, but 1 can never .see the 
advantage of this. Mamtre is put into the ground with 
the idea of making a profit, and surety the (]uicker the 
profit is made the better. The more complete and 
rapid the utilisation of the manure, the larger and 
quicker must be the return to the farmer. 

It is afso claimed that the organic matter must be 
advantageous to the soil, since it is known to improve 
the tilth, the water-holding capacity, and other 
physical properties, all of which are of great advantage 
to the farmer. 7 'his claim cannot lightly be di.smi.ssed, 
but on the other hand it is very easy to exaggerate the 
quantity of organic matter added in an organic manure; 
hnly rarely would one apply mor6 than 5 cwt. per acre 
of rape cake or guano, and this wotdd not all 
be organic; further, the addition is not made every 
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year. An ordinary soil contains some 50 tons of 
organic matter per acre in the top 9 inches, and it is 
diHicult to see how an occasional addition of 4 or 5 
cwt. can affect this very seriously. In the case of 
farmyard manure the position is different, as some to 
tons per acre are used, of which about a quarter is 
organic. There is, however, one great advantage about 
“ organic ” manures: they are very nearly foolproof, 
and a farmer who can afford to do witliouf a good 
knowledge of artificial fertilisers c.an safely use them. 

Guano. 

I'his fertiliser came info England about 1840 and 
achieved a high reptitation almost at once. It had few 
comjjetitors; super[)iiosphate htid not been invented, 
and neither nitrate of soda nor sulphate of ammonia 
were commonly regarded as valuable fertilisers. It bas 
largely gone out of use for ordinary farming, but it 
still retains a permanent place in horticulture for 
raising certain plants. At Rothamsted it gives good 
crop increases in the first vear, but it is inferior to 
artificials, and there is no sign of any particular 
residual (>ffect; nothing can be detected in the second 
and third vears after application. \ few trials have 
been made elsewhere with the same result. In the very 
excellent field experiments of the Norfolk Chamber of 
Agrictilturt*, made in the late ’eighties, and which are 
a model of careftdness and accuraev, a high-class 
guano was found inferior to nitrate of soda or sulphate 
of ammonia on swedes and barley, and, of course, it 
was more expensive. A similar result was obtained at 
Cirencester on the hay crop. 

Rapu Cake. 

This is one of the’oldest of manures, having been 
in regular use for at least 200 years. It has been much 
tested at Rothamsted with fairlv satisfactory results. 
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tliougli il is inferior lo the properly made mixture of 
ariilicitils and also dearer. On barley, for instance, the 
proper mixture of artificials gives nearly 43 bushels of 
grain and 27 cwt. of straw, while g cwt. per acre of 
rape cake give only 38^ bushels of grain and 22 cwt. 
ol straw. .-\ man, therefore, using the projier mixture 
of arliliiials will gain something more than 10 per 
cent, on his crop as compared with another who used 
rajie cake, and in addition would spend less. Hut 
where a Inulty mixture of tirtilicials is used the result 
is less satisfactory; where phosphates are omitted, the 
yii id is down to 30 bushels inste.-id of 43, and it is now 
much less than where rape cake is given. Thus, while 
the right mixture is |)rotltable ;ind superior to rape 
cake, the wrong mixture is unprolil.ible and is inferior 
to raite cake -an illustnition of the rule given abine, 
thru organic manures are more foolproof than tirtilicials. 

Shoddy. 

This is (|uile a useful in.aterial, the v.'ilue of which is 
already fiillx recogni.sed by fruit and hop grow'crs in 
Kent and l)\ other growers near the mills. The actual 
fertilising action is due lo the v\ood, which supple-s 
nitrogen and organic matter, and although the latter is 
not great in amount, it accunnil.ates when tlie shnddv 
is .applied regularly in heavv dressings, as in hop 
gardens. 1 sually the nitrogen is consideniblv ehetiper 
per unit than that in sulphate of ammonia or nitrate 
of soda. At Rothamsted shoddv is found to act quite 
well for all crops; it is not as effective as guano, but 
it is che.aper and has some residual value. It should 
be piircha.sed on its nitrogen content and should com¬ 
pare very favourably in price per unit with sulphate 
of ammonia. Thus a shoddv containing to per cent, 
of nitrogen should be distinctly less than half the price 
of sulphate of ammonia, which' contains 20 per cent, 
nitrogen; the prices of samples of other composition 
should vary accordingly. 5-10 cwd. per acre can be used. 
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UoNliS. 

liont's are so well known to fanners that it might seem 
unneces.sarv to speak about them. AetualK, however, 
there is some misapprehension with regaul to them. 

1 lie\ have to compete wtth the pho.spliatir fertilisers, 
and, in the case of bone meal, with organic nitrogenous 
compounds. As usual with organic manures, they are 
very safe in practice, and can be entrusted to anyone 
without much knowledge of artificials; but their value 
is sometimes overrated, and we farmers sometimes par 
more for a bone fertiliser than is really ju.stified. 

So far as the phospliatic part is concerned, bones are 
not usually as good as basic slag on grass land, nor as 
qtiick in action ;is superphosphate on arable land, fhe 
nitrogen has considerably le.ss vnhte than that in nitrate 
of .soda or sitlphate of ammonia, 'fhe romparison of 
bones with oilier ferlilisers niusl be m.ade in recogni¬ 
tion of ihe.se facts. If bones are cheaper per unit of 
nitrogen and of phosphtile it may be worth rhe farmer’s 
while 10 purrhnse them; if they .ire no cheaper il is 
unlikely to be worth bis while to do so. Prolonged 
te.sts have been made with bones at Rothamsted ;ind 
elsewhere, but only rarely have they proved as good 
as the ordinary nrtifirials, and usually Ibey have come 
out inferior. There is no justifiralion, therefore, for 
p.'iving as high a price for them. Where there is anv 
doubt inquiry should he made of the Agricultural 
Organiser for the Countv, who ran obtain the desired 
information. 

Soot. 

Soot is one of the most u.seful of the w.Tsti' product 
manures, and it is applied with great advantage as a 
spring dressing to winter cereals. It not onlv supplies 
the nitrogen, which 's so mucli needed in the early* 
jiart of the year, bul il keeps off slugs, insects, etc., 
and it helps to warm the ground. But not all kinds 
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of soot are equally useful; by far the best is the ordinary 
household soot. L^stially' a bushel of this material 
contains about i lb. of nitrogen, 22 bushels being .about 
the ecjuivalent of i cwt. sulphate of ammonia. Some 
.samples are richer, however. Factory soot is nothing 
like as good; the factory fire is a more eflicieni affair 
than the ordinary domestic fire, and the .soot is corres¬ 
pondingly poorer; it .should be bought only on 
analysis, as some samples are u.seful and others are not. 
Destructor soot or dust .sometimes offered to farmers is, 
in my experience, wa>rthless, even as a gift. 

Suw.yGE : Wii.L It IIelp the F'akmek? 

One of the most intere.siing problems before the 
agricultural exiiert is to try and find .some w'ay of 
iitifising the .sewage of the United Ivingdom for pur- 
po.ses of manure. The probli'iii has been before us for 
many years; a large number of attempts have bc'cn 
made at different times, but farmers still obtain very 
little good out of sewage. .Vnd yet the value of the 
material over the whole country is considerable. 1 he 
amount of nitrogen consumed by the inhabitants of the 
United Kingdom in a year is 230,000 tons, e(|uivalent 
to more than 1,000,000 tons of sul|)hate of ammonia, 
and to 1,250, OCX) tons of nitrate of .soda; this is three 
or four times as much as the Ifritish farmer is likely 
to u.se for .some time. Rut a good deal of this nitro¬ 
gen never appears in the sewage at all, and the fraction 
that does get there is largely lo.st in the purification 
process. 

If all the nitrogen could be recovered it would 
amount to ii lb. per head per anntim; the phosphate 
and potash are smaller in quantity. The nitrogen ts 
mainly in a very available form. At present prices the 
manurial value of the w'hole of the excretions of an 
adult is about one halfpenny per day, and the figure 
enables us to understand Wfiby the many efforts at 
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utilising human excretions have failed in this country. 
It IS done in China, and, agricultural travellers tell us, 
with great success; but labour is vastly cheaper there 
than here. 

Bui although the manurial value of an individual is 
small, that of a city is great : the excretions of the 
population of London arc probably worth some 
;t'3,ooo,oiKj per annum as ff^rtiliser, and if only a por¬ 
tion of this could be saved it would greatly help the 
city to pay the expenses of cleansing, etc. This, 
indeed, is the soundest way of approaching the subject. 

Methods. 

Sev'eral methods have been us(M, with varying 
success. The oldest consi.st.s in running the .sewage on 
to land and then growing crops; it was much |iraclised 
some 40 or 50 years ago, and was succc.s.sful so long 
as .sullicient land was available and sullicicnt altenlion 
paid to the drainage. Good examples were to be seen 
at Birmingbam, at Beddinglon, near Croydon, and 
under the farms managed by Col. Allred Jones. Rve 
gra.ss and cabbage made good growth, mangolds also 
were iisiiallv .satisfactory. When, however, tlie 1 iiies 
gr<‘w and lh(“ population began to take more balhs and 
generally u.se more water, it became increasingly 
difficult to find sufficient land to deal with all the 
sew'nge. The method therefore went out of u.se, being 
displaced bv the more compart .septic tanks, ritis gave 
a sludge from which great things were expected, so 
that farmers often paid more for it than it was worth. 
The writer has come across cases where farmers paid 
5ss. per ion for material that could hardly have been 
worth more than 25.S. Careful experiments in different 
parts of the country showed that these sludges had 
some value, especially'in wet districts, but not as much 
as could reasonably have been expected from a sewage 
product. .Analysis sbowed that thev contained only 
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I per eem. of nitrogen, and that wa.s in a rather 
unavailable form. 

.\ later proces.s in which air was admitted in.stead of 
being e.xrluded gave a better .sludge, containing 2 per 
cent, or more of nitrogen, and capable of producing 
Ix'tter elfects, since it was more available. A more 
recent proce.ss, known as the activated sludge procc.ss, 
comes out still belter, giving a .sludge containing as 
much as 6 ]x-r cent, or more of nitrogen, and over 
4 per cent. pho.sphoric acid, (■quivalcnt to 10 per cent, 
of the .standard tri-calcic phosphate. I'Npcrimenis show 
that this material is ([tiile promising; a cheap method 
of drying seems alone to be needed to give a highly 
useful fertiliser. 

Vah'r of \ .Si.uixiF. 

It is not ease for a farmer to form an opinion as to 
the value of a sludge. \ di.sagreeable look or smell 
implies nothing : a sludge may have a very unplea.sant 
smell and still have little value as a fertili.ser. The 
pereentage of nitrogen is a tolerably safe guide: ;i high 
percentage {5 per lent. or b per cent.) indicates a good 
class material which can be bought at a good price; 
,n smaller percentage (such as 2J per cent, or 3 per 
cent., pre.sent in .some of the northern sludge.s) is akso 
quite good, but a low percentage (such as i per cent, 
to per cent.) stigge.sls an unavailable condition, and 
is a warning that the material mav not be worth much. 
.Some sludges, however, have a value in that they 
contain much lime and can be used wherever this con¬ 
stituent is necc.s.sarv. On the other hand, it is necessary 
to caution farmers against the .suggestion .sometimes 
made that sludge contains bacteria which are helpful 
in increasing the fertility of the soil. There is no 
ground w'halsoever for this .assumption, and no rea.son 
to suppose that anv of the bacteria thus introduced are 
of the lea.st value to the farmer. Perhaps the best 
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final advice to give in regard to sludges is to buy them 
only on an analysis, and to make sure that the money 
is being laid out to the best advantage in using them. 
So long as no fanciful price is paid a farmer is not 
likely to go wrong if he gets good advice at the outset. 

Occasionally it is possible for a farmer to contract 
to take the village sewage for broad irrigation on his 
land. In some conditions this is (]uite useful, parli- 
ctilarlv on gra.ss land where the soil or the slope is 
such that good drainage is possible. It is, however, 
ncces.s,ary to attend most eloselv lo drainage and lo 
arrange for frequent redistribution of the sewage 
channels, so as to avoid excessive rankness and 
coarseness of the herbage. 

('fIRPoRVTHiN MaNCRK. 

In some (owns the Corporation makes up a fertiliser 
from market wasles, slaughterhouse residues, sewage 
sludge, and other materials. These are di.stinctly 
useful. They should, however, be purchased on 
analysis, and after being advised as to the real value 
on the particular farm. 

.Ashpit Refi se. 

There is a growing tendency on the part of towns to 
screen their ashpit refuse and send out the resulting 
material into the country as manure. Other city wastes, 
street sweepings, .slaughterhouse refuse, stable manure, 
etc., are often, though not always, incorporated wfith 
it. The material has long had .some degree of popular¬ 
ity among farmers situated near towms, especially those 
on heavy soils. Analysis does not help much in 
assessing its mantirial value; as a rule the figures come 
out somewhat as follows ;— 

Or^anu mutter . . 2 ^ 40 / 

Ni1»t)^en ..04 — 0.6 

I’hosphoric ririd (P,. ) •• •• • O y — O *; % 

F.gir’alcTit to ttw.flcic phosphate (Ca{I'O, 1 2) 07 — 11'/ 

Potash (K., O) . • 3 — o ^ 
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These figures are not unlike those for farmyard manure, 
and it is sometimes suggested that the material itself 
must therefore be of equal value to the farmer. But 
this is fallacious; it differs so much from farmyard 
manure that no fair comparison can be made. Screened 
ashpit refuse is always worth trying by those heavy- 
land farmers who have not previously used it, especially 
if it can be had for 3/- or 4/- p<;r ton on the farm, but 
the test should be on a small scale first. It is not likely 
to be worth more than about 5/- or 6/- per ton on the 
farm. 

Destritctor Reriise. 

This is rarely of value to tin- farmer, and should not 
be used except on expert advice. 
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LIME, LIMESTONE AND CHALK. 

These arc among the oldest manures in use; they 
are well known, and their value is universally admitted, 
yet they are not now used as extensively as was once 
the case, and although everyone deplores this fact, it 
remains unaltered. Three reasons may be given for 
this falling off:— (a) The cost is high; (b) l)a.sic slag 
produces some of the effects of lime and thus to some 
extent does away with the necessity for using it; (C) 
lime and limestone have not invariably succeeded, and 
it has happened that a considerable sum of money has 
been spent with rather disappointing results. 

A good deal of work has been done bv agricultural 
experimenters, and the reasons for some of the failures 
are now known. It has been found that the action of 
lime is very complex; it does several diflerent things 
in the soil, some of which are wanted and some are not, 
and only when a farmer understands t'xactly what it 
can do w'ill he be in a position to use it to the greatest 
advantage. 

.Arable L.and. 

On heavy arable land lime is nearly always an 
advantage. If used as ground lime or quick-lime, it 
lightens the soil and makes for easy working; it greatly 
improves the chances of a stand of clover, and it helps 
the turnip crop considerably- Only one crop does not 
need it—potatoes—and, where these are grown on hetivy 
soil, lime should not be applied till they are safely 
out of the ground. In addition to all these effects, 
lime keeps down a certain number of pests, and so 
givt's the crop a greater chance of growth. Ground 
lime has, however, the disadvantage that it is not parti¬ 
cularly easy to store,# as it is liable to ab.sorb water, 
swell, and to burst its bags; also it is not particularly 
easy to apply to the land, as it tends to give trouble 

8 
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to the men, and so to the farmer. Hydrate of lime 
has much the same effect as ground lime, and is easier 
to store and to apply. Whether, however, it is quite 
as potent against pests is not clear, but in all other 
ways it is probably fully equal to lime: not of course 
ton for ton, but when compared on the proper basis 
(see p. 117). Ground limestone improves the texture of 
the soil, it increases the chance of a good stand of 
clover, and it keeps down finger and toe in turnips, 
swedes, cabbages, and other crops liable to the disease, 
but it is not particularly effective against other pests. 
The choice between ground limestone and lime must 
therefore depend upon what exactly the farmer wishes 
to have done; if he wants anything that lime.stone can 
do, he can buv it so long as the price is sufficently 
attractive. On the other hand, if he is trying to keep 
down small slugs or other animals that are injuring 
his crop, he must use the burnt lime. Chalk is very 
ust'ful in those districts where it can be obtained cheaply. 
Over most of the Home Counties there are chalk pus 
from which farmers can draw supplies, and many 
farms lie so near to the chalk that it is necessary to 
go down only a short distance to find it. The old 
practice W'as to sink wells in autumn in different parts 
of the field (one to about 3 or 4 acres), to draw the chalk 
and spread it, giving the substantial dressing of 40 
to 80 Ions per acre; the lumps were left on the surface 
to be broken by the winter frosts, then ploughed in, 
and turned up again during the next winter to be 
ftirPher shattered. The method has been tested at 
Rothamsted, and is very effective; dressings of 20 to 
50 lo.ads per acre lightened the heavy soil so much that 
in walking over the ground during wet weather one 
could pick out the chalked areas by their dry appoar- 
ance and their open texture, w'hile the unchalked land 
had a w'et, glazed appearance. The crops did not show' 
as large an improvement as might have been expected; 
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clover and barley benefited, but potatoes, wheat, 
mangolds, etc., did not. 

file ploughman always declared, however, that he 
could work more easily on the chalked than on the 
unchalked land. No measure of this difference could 
be obtained with horse implements, but it can be done 
with a tractor. Dynamometer measurements were 
taken when cross ploughing land previously ploughed 
in autumn; these showed that the effect of chalking is 
to ini rease the speed of ploughing and to reduce the 
draw bar pull on the three-furrow plough by no less 
than 200 lb. 


Miles pci hunt 
Draught pet plitu^li th 
Her squ.irc inch tn Itirriuv sci Hon, Ih 
i>r.iw h.ir pull, Ih 

Now this saving in pull means a corresponding 
saving in fuel consumption and in wear and tear, while 
the saving in time resulting from the increased speed 
means an additional economi. When all the cultiv¬ 
ations of the year are added up it does not lake long 
to repay the cost of the chalking. There is little doubt 
lhat lime, hydrate of lime and ground limestone would 
have had the same effect, though we are not yet able 
to say what is the smallest dressing that will .act. 
There is no jxiint in putting on more than is necessary. 

Light soils also benefit by lime or limestone, but in 
this case the action is to help the turnip, swede or rape 
crops, the clovers and other crops, such ns vetches, 
frrown as sheep feed. Whenever clover is failing in 
patches an examinathm should always be made for 
lime; in the writer’s experience, lack of lime is a 
common reason for failure. In really bad cases man¬ 
golds fail, refusing to grow, producing only small 
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spindly roots and going yellow in the leaf. Here again 
the failure is in patches. The lime, however, should 
not be applied till after potatoes are removed, or there 
is a liability to scab. .A case was investigated at 
Rothamsted where soil, otherwise suited for potatoes, 
was rendered useless for the crop because of the scab, 
while in a neighbouring field there was much less 
tendency. The “ scabby ” soil contained a distinct 
amount of carbonate of lime (0.5 per cent.), while the 
safe and healthy soil did not, the amount being too 
small to be easily estimated. 

\\ hen we come to grassland, however, it is more 
difficult to give any general advice. Land laid in for 
hay can often receive lime or limestone with advantage'; 
this is a recognised custom in the nortli, and it is 
practised in many other parts of the country with ad¬ 
vantage. .At Rothamsted a .single application of 28 
cwt. per acre of lime has raised the crop in some rases 
by as much as to cwt. of hav per acre over the average 
of the next four years, and at the .same time ha.s im¬ 
proved its quality. But this does not always happen, 
and the effect depends on the season, and on the 
manuring, being especially marked when sulphate of 
ammonia, farmyard manure, or liquid manure is used 
to increase the bulk of the herbage. Grazing land 
presents a more uncertain case. Where slag has been 
liberally used, it is improbable that lime will be needed; 
though cases arise in Yorkshire where the land is so 
sour that slag will not act till lime is added. Where 
the sv.stem is to feed cake on the land, lime may prove 
of great advantage. No general rule can be given; 
the farmer must make a trial and see wihether the result 
jtistifies the expenditure. 

In cases where lime is costly the farmer may try a 
’succession of crops which can tolerate sourness. 
Rhubarb is the most tolerant of all crops: potatoes 
and oats can get along fairly well without lime, and of 
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the various clovers alsike is more likelv to succeed 
than others. On the other hand red and white clover 
will not flourish in acid soils. 


How TO Purchase Lime and Limestone. 

We must distinguish carefully between three forms: 
the pure, or quicklime; the hydrated lime or hydrate 
of lime; and the carbonate of lime, also offered as 
ground limestone. All these finally turn into carbonate 
when put into the .soil, but, as pointed out above, the 
quicklime kills certain insects. So far as action in the 
.soil is concerned, too parts of carbonate of lime has the 
same value as 74 parts of the hydrate, or 56 parts of 
the pure burnt lime. Thus, if a farmer is offered good 
quicklime at £2 per ton and ground limestone of equal 
puritv at 25s. per ton, he is getting more material for 
his money in the quicklime than in the limestone. The 
following table shows the actual values for ground 
limestone and hydrated lime when quicklime 'S 
obtainable at the prices quoted : 



Allowances mu.st, of course, be made for the fact 
that ground limestone and hydrated lime are more 
readily stored and more easily applied to the soil than 
quicklime, as they cause less trouble to the men. If 
any large expenditure is being incurred, an analysis 
should be obtained giving the degree of purity. 
Wherever waste limes or lime muds, etc., are purchased, 
an analysis should always be made. 

1 to 2 tons per acre of quicklime, or double these 
quantities of ground limestone, can be used. 
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CONCLUSION. 

Signs for Special Requirements. 

In the preceding ohapLers we have discussed the 
effects of fertilisers on crops and on soils, and the way 
these effects are altcrd by seasons. We must now point 
out that every farm must be treated like an individual, 
and no farmer must expect any general recipes to 
answer all over his land. It is quite possible that a 
certain potato manure may he the best possible on one 
farm, but by no means the best on the next farm. 
There is no such thing as a universal manure suited 
10 every soil and season or to every farm in a district, 
l lic ideal thing would he for every farmer to have his 
own special manurial recipes, and some of the lie.st men 
have already done this; those who have not can learn a 
good deal as to their .special requirements by studying 
the appearance of the crops. The following are useful 
signs :— 

Lime is lacking (i) if clover in seeds leys tends to 
fail or to become patchy; (2) swedes and turnips 
become liable to finger and toe; (3) mayweed spreads 
among the corn; (4) dark green patches occur in the 
meadows and clover begins to fail. 

Phosphates are needed (i) if corn crops do not ripen 
evenly or if they ripen late; (2) for all root crops or 
fodder crops to be fed to animals; (3) for potatoes. 

Potassic fertilisers are needed (i) if the corn crops 
finish growth too soon, if the yield of grain is dis¬ 
appointing in view of the nitrogen and phosphates 
given, or if the heads do not fill out well; (2) always 
for mangolds and potatoes and often for leguminous 
crops; (3) for many crops on light, chalky or .sanfly 
spils. 

Nitrogenous fertilisers are needed (i) always for 
mangolds, potatoes and hay crops; (2) usually as spring 
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dressing for winter corn, particularly after a wet winter; 
and (3) for second corn crops. 

Reference should be made to the preceding chapters 
to determine just which of the various fertilisers should 
be used, at what time, and in what quantity. 

Field trials are highly desirable in order to ascertain 
the best basis for a fertiliser scheme. They should, if 
possible, be arranged by the county organiser or by a 
Farmers’ Club, as in that way a uniform scheme can 
be arranged which may benefit a number of farmers. 

How TO Compare the Prices of Manures. 


Manures are always sold on the basis of their chemical 
.analysis, and this should always be carefully examined. 
Condition is of great importance and must be judged 
on appearance. But the real material composition can 
be determined only by the chemist, and the farmer 
who thinks he can judge a fertiliser simply by inspde- 
tion is not only deceiving himself, but encouraging 
others to deceive him. The best method of comparison 
is the unit sy'stem, and a good wa; of working out the 
value on this basis is as follows: Divide the prices of 
nitrate of soda and sulphate of ammonia hy iheir per¬ 
centages of nitrogen; divide the prices of stipct])hos- 
phate and basic slag by their percentages of phosphate; 
and the prices of sulphate of potash and muriate of 
potash hv their percentages of potash. This gives the 
price of each per cent, of the fertilising material in a 
ton. This is called a unit. Some recent results are : — 


Name of Fcitili^er 


Nitrate '*f soda gi? V. 
Sulphate of ammonta .. 


Superphosphate. 
Basic slag 


Pr-cp per 

Prruenlngc of 

I'mt price ot 

ton 

Nitrogen 

Nilrogeti 

£ d. 

I ? ? (t 

».S<> 

*>. d. 

16 11 

>6 <• t. 

30 H 

LS .«! , 

312 0 

Phosphate 

Phosphate 
* 5 

,*13 0 

20.0 

2 6 
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From these it appears that for unit of nitrogen 
supplied, sulphate of ammonia was cheaper than nitrate 
of soda, and superphosphate slightly cheaper than basic 
slag. In cases where sulphate of ammonia is as effective 
as nitrate of soda, it would therefore be preferred, as 
would superphosphate to basic slag when it is equally 
useful to the farmer. In trying to find whether the 
price of a compound fertiliser is fair, it is reasonable 
to assume that the fertiliser will not be belter than a 
mixture of sulphate of ammonia, superphosphate and 
.sulphate of pota.sh, and therefore should cost no more. 
The method, therefore, would be to .see what it would 
cost to make up a mixture of the same composition. 
Thus, to find the fair price of a compound fertiliser 
containing 3 per cent, nitrogen and 20 per cent, 
pho.sphate we should proceed :— 

3 (XT CFnt Nitrogen -3 units per ton ... 

JO per cent. l’hosj)hati.'s -jo units per ton 

(>rii'e ... 

On the top of this ba.sal price, however, it is only 
fair to add certain other charges, since a merchant 
mixing these manures to order and making a .sound 
job of it would make a charge. Som(!thing will also 
be claimed by the dealer for his skill in devising the 
formula. It is usual to add about to per cent, for these 
services, and on this basis the fair price, assuming 
high-class materials, would be about /.’s 4s. But this 
would only be for reasonably large quantities and for 
cash; if only small amounts were ordered and credit 
were desired, something additional becomes necessary. 

The Farmers’ ’Manorial Calend.ar. 

Autumn.—Try and draw up a good scheme ff!f 
manuring the whole farm. Be friirly liberal to costly 
crops like potatoes, and to heavy yielders like man¬ 
golds; do not overdo the manuring for swedes unless 


^ s d. 



14 7 
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you can expect 20-25 tons or more per acre. Do not 
neglect the grassland, and do not forget a top dressing 
for winter corn. Order the manures early so as to be 
sure of having them in time, and give them dry storage. 

Early Winter.—Apply basic slag to permanent 
grassland and, if neces-sary, to temporary grass or seeds 
leys. Apply farmyard manure to the root and potato 
land, excepting only where the rainfall is high. Apply 
lime or limestone where necessary. 

Spring.—Give top dressing of nitrate of soda or 
sulphate of ammonia to winter corn. If you fear the 
corn may be laid, add i cwt. superphosphate. Apply 
the manures for the root and potato crops. Use 
sulphate of ammonia for the potatoes and for barley. 
Give manurinl dressings to the hay crop : nitrate of 
soda or sulphate of ammonia, basic slag, or kainit, as 
may be necessary. 

Early Summer.—When mangolds are well up, givg 
a top dressing of nitrate of soda and, if necessary, of 
salt also. 

Finally, remember the advice of Arthur Young, 
given more than 120 years ago, but perfectly true yet: 
“ If our young farmer has any relation, friend, or 
confidential bailiff, that he can trust his farm to for 
ten days or a fortnight, let him now take his nag for 
a summer tour, to view some farms in well-cultivated 
counties, and to introduce himself to the conversation 
of his intelligent brethren, from whom he will be sure 
to learn something useful.” Which, in modern lan¬ 
guage, is, “ Get into your car or on to your motor¬ 
cycle or push-bike and have a tour in a good farming 
district, visiting any experimental stations you can.” 
I should like to add that, if the way lies anywhere near 
*to*Rothamsted. farmers are always welcomed there, and 
are shown round thfe plots without any formality or 
previous notification. 




